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CO + OH −→ CO2 + H
H + O2 + M −→ HO2 + M
HO2 + O3 −→ OH + 2O2
CO + O3 −→ CO2 + O2
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CH4 + OH −→ CH3 + H2O
CH3 + O2 + M −→ CH3O2 + M
CH3O2 + HO2 −→ CH3OOH + O2
CH3OOH + hν (visible) −→ CH3O + OH
CH3O + O2 −→ HCHO + HO2
CH4 + O2 + hν −→ HCHO + H2O
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CH3 + O2 + M −→ CH3O2 + M
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CH4 + OH + HO2 −→ HCHO + 2H2O
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l Températures IASI (niveau 2)
− 1 températures atmosphériquesl
Gaz trace IASI (niveau 2)
Colonnes totales (et partielles O3)
Pas encore implémenté, travaux en cours
Implémenté pour O3 seulement
(8460)
pour chaque constituant
Bruit radiométrique
Erreur sur les
températures niv. 2
H2O
Nuages
Émissivité
(Long., Lat.)
Altitude
Angle de visée
m
Luminances IASI (niveau 1C)
1 température de surface 
Canaux sélectionnés
de test
Luminances
Erreur
Base de données
Climatologique
Profil vertical gaz trace
(niveau 3)
Réseau de
neurones
'o¹Cþ-q

{/w/5rÊEyGxi rx [ﬃ}~|23yjﬃ\wr|~}sseyxS }s y	v}~sEyv7[r||~r[{	yﬃv
P
L
3 N:9<; 4
y®|
9
LSpt
xzrc}v	vﬃ}s-¡¢"

¡#
=¢:< >9qDx5q~z ?>Qx7uA@ tíw¢uAF!>Qx*{u
Rcê*ëê*ò	îHï=ñ*êwëÄú»óðýõú»ó»ùê¬úÂûÃödò\êwïë=ödõòðí*õýì»ï=ê*ò»ò»êwò	îÄùê*ëFùdóýöòhø/ò»íwê*ëFí*õ/ïïêwëìuõò»úhøÅòoîÄø/ó
í5øÅòhø/óðë=ñ*ùdêwíwîödõò»òñ*ë,ìõóï,ù£ûüõÉ*õò»ê
ß
î ø»ùê5ø/ó ÑSCþ[ ,¤ùdø îHê*ýìuñ*ïHø.îHó»ï=êÕúê ë=ó»ï=ôø/íwê êxîÄùê ì»ïõ»ù
êwï=îödí5øÅùÂú»êîHêwýìuñ*ïøÅîHó»ï=êkëó»ïlì»ùó»ëöê*ó»ï=ë¡ò»ö/ê5ø/ó,úêìïê*ë=ëöõòëñ*ùê*íxîHödõ/ò»ò»ñ*ë7
Rcê[ò»õýïêîõ/î øÅù]ú»ê©í5ø/òhøÅó¬íwõïï=ê*ë=ìõòúhø/ò	î5)ó»ò»ê©ëöd÷/òhøÅîHóïê©úê[ùﬀûÃõÉ*õ/ò»ê©òÂûÃñwîHø/ò	îìhø/ëMê"Ì
í*êwëë=öô
ß
þÑ\ºí5ø/òhøÅóS ",qò»õó»ëMøõò»ëVödíwöcí#W»õödë=öIú»êíwõò»ë=ê*ïﬃ/ê*ïMîõó»ë¤ùdêwëVí*ø/òhø/ó,í*ø/ï¤ùtøºïê*úõò»úhø/òí*ê
úÂûÃödòôõ/ïýøÅîHöõò_ìuê*ï=ýêxîlúÂû øÅó»÷ýê*ò	îHêwï¤ùêïHø/ììõï«îlëö÷òhø/ù
/
»ï=ó»öî
Rcê*ë[ò»öê*ø/óSúêì»ïêwëë=ödõò"ëóï[ùdêwë$oó»ê*ùë[ùdê_ì»ïõ»ù-êwï=îödí5øÅù¥ú»ê_îê*ýìñwïHøÅîó»ïê_ê*ë=îºêwò	îHïñ_ëõò	î
ëñwùdêwíwîHöõò»ò»ñwëkìhø/ïýöGùdêwëkò»ö/ê5ø/óÕúêì»ï=ê*ë=ëödõ/ò1¶p·'ßbß!ÅA@ÃÂ
T
Ã/³^Ã
B³DCÃ¾EB³Á|K´#þþ&ÆGë=ó»ï
ùdêwë$oó»êwùdë§ùtø¬îê*ýìñwïHøÅîó»ïêFë=ê*ïHø ödò\/ê*ïë=ñ*ê,ú»êý_øÅò»ö%wïêõìuñ*ïøÅîHöõò»ò»êwùdùêø/ó"í*õ/ó»ïëú»êFùtø°ýödë=ëödõ/ò
ßDbß#Ðß`ùdë¡ëõ/òoî¤öò»ú»ö%$oó»ñwëlëó»ïlùtø­»÷ó»ïêﬂ¹YX
Zhò ú»êïñ*úó»ödï=êù£ûüöýìhøÅíwîlú»êwëVìhøÅïHø/ýﬁwîïê*ë¤ú»êëó»ï«ôø/í*ê
ß
ú»êùﬀûÃñ*ýödë=ëö öCîHñú»êëóï=ôø/íwêêwò¬ìhø/ïiÌ
îHöí*ó»ùödêwï# ",oú»êwëlùdó»ýödòhøÅò»í*êwë¥ú»öÛañwïê*ò	îödê*ùùdêwë¥ëõ/òoîlóîHödùödë=ñ*ê*ë7õdGùdùê*ëíwõïï=ê*ë=ìõòú»ê*ò	îVø/óùdó»ýödòhøÅò»í*êwë
ýê*ëóïñ*êwëlëõó»ë«îHïø/öîê*ëlø/óùdó»ýödò»ø/ò»í*êwëúÂûÃó»òí*õï=ì»ël÷ïöë')[ùtø©îê*ýìñwïHøÅîó»ïêúêëó»ï«ôø/í*êø/ë=ëõí*ödñwê
ø/óºëìuê*íxîHï=ê¤êxîKø/ê*í¤ó»ò»êlñ*ýödë=ëö öCîHñýõ´êwò»ò»êlê*ë«îHödýñ*êA)ìhøÅï=îHöïú»êwëGÅø/ùê*ó»ï=ëôõó»ïòödê*ëGì»ø/ïFﬁ¼HG"Á|
Á"ÂjÃ¼ÄÅËþEÆ
ß
ùöd÷òêﬂú»ê5hø/ë=êú»êwëlëìuê*íwîïêwë# ÊZ
y(ν) = Lν(0)− Lν

ÍVò»êêwòoîïñwê ë=ê íwõýìuõë=ê øÅödò»ë=öú»ê
m
ùdóýöòhø/ò»íwê*ë[ú»öÛañwïêwòoîödêwùdùdêwë§ú»êò»ö/ê5ø/óðþ[È
ß
êwíwîê*ó»ï
ýê*ëóïê
y
 ¤êxîú»ê
l
îHêwýìuñ*ïøÅîHóïê*ëMú»ê[ò»öê5øÅó2X
ß
êwë=îHöý_ø.îHödõ/ò»ë
bˆ
ú»ê*ëMìhø/ïHøÅýQxîHïêwëﬂú»ó°ì»ï=õ»ù*ýê
ú»öïê*íxîºò»õòÌ?ödò\êwïë=ñ*ë
b
 ,Gìhø/ïýöùê*ë$oó»êwùdùê*ë
l−1
Åø/ùdêwó»ïë§íwõïï=ê*ëìuõò»úê*ò	îøÅó ì»ï=õhù/ê*ï=îödí*ø/ù¡ú»ê
6 :_ef:Çü
]
6
]
lJI+a76^bGd?>cb?d6ú6^a_ib

180 200 220 240 260 280 300
10−3
10−2
10−1
100
101
102
103
P 
(hP
a)
T (K)
Niveaux RTIASI
Niveaux entrés pour l’inversion
'o4¹YXqJ}yrtuﬁ&yGiyﬃv	v}~sº¡¢"

¡'vﬃt^x yﬃvK¥®tyxèvÊxzygIx4Eyc|öyKGwr[|~t&iy
P
r|5vöiy*v|Vrs J
Er
Gﬀﬃﬂ !
}{®} SÊvyrÚyﬃv®|~}%|~twcEyZ5rs}Êiy+ﬃ\wr|~}sseyx%x yÊrtQ{it&ﬃvcEy*xzr c}vﬃvﬃ}s-¡¢"

¡
P
}%s|%vS[
'yﬃvÇxzv®rsEyﬃvÇ}%s}¥®tys|Úx yﬃv
(l − 1)
s}yrtu Ey¢iyﬃv	v}~sývwx y{#|~}ssewﬃvﬁtxi }s y	v}~s?&yxML
3
P
ﬂ LK

ﬂMKﬀE
N
K\ﬂ\ﬂ

!K!ON
N

£
ﬂ

ﬀ
£2£

N
!\!

[Kﬃ]
N
£
K

!PMKﬃ]
N
N ﬂ2ﬂ
a£
P\ﬂﬃ]
N
NEP!

ﬂ
£
[\[
N
P \

[
£
PMP
N
Pﬃ]ﬀ

N ﬂ\ﬂ\ﬂ
N
]QK!

!\[\[\ﬀ
N
]
£
P

ﬀ\[\[
N
]\]\]

ﬂLNf[\[
N
ﬀK[

!LPﬀ
N
ﬀ
£\£&
NE]QKﬀ
N
ﬀP\]

Nﬂﬃ]RN
N
ﬀ2ﬀ\ﬀ
c£
ﬂMKMP
N
ﬀ\[I]

[
£
[\[
N
ﬂMP

]SPLNE]
N
2

][\ﬀP
N
£
!

LP[\[
N
]

]!\[2[
N
ﬀTN

Kﬀ\[\[
N
!

ﬂ
£
[\[
N
P

ﬀ\[ﬃﬂ
£
N
[

K Í]\]
H	`rKS
îHê*ýìuñ*ïHø.îHó»ï=êêwîþ3)ºùdø[îHê*ýìuñ*ïHø.îHó»ï=êú»êkëó»ï«ôø/í*ê&
È¥êwï=îHø/ödò»ë¡ì»ø/ïHø/ýﬁwîïêwë
b
,S$oó»öcòêë=õò	î¤ìhø/ë¡óîödùdöëñwëìõ/ó»ïùﬀûÃödò\/ê*ïë=ödõò¦,»ëõò	î¤ò»ñwí*ê*ë=ëHø/öïêwë¤ìuõó»ï
ùﬀûÃñ7Åø/ùdó»øÅîHöõòkú»ê¥ù£ûüêwïïêwó»ï
ß
í*õýýêKùêKýõò	îHï=ê¥ùtøRh÷ó»ï=ê'¹Cþ[ Iêwîìuõó»ï=ïHø/öê*ò	înﬀwîHï=ê¡ø\=õóîHñ*ë]ê*ò§êwòoîïñwê
úhø/ò»ëKú»ê*ëGê*ï=ëöõò»ë¥óùîHñwïöê*ó»ï=ê*ë¥úêMùﬀûüø/ù÷õïöCî®W»ýê¥úaûüöò/ê*ï=ëödõ/ò6eÍ¤ò»êMöòôõï=ý_øÅîödõòºë=ó»ì»ì»ùñ*ýê*ò	î ø/öïê
ß
óîödùdêlìuõó»ïÔùdê¤í5ø/ùí*ó»ùqúÂûÃê*ï=ïêwó»ï# Yê*ë=îKôõó»ï=ò»ödê¤ìhø/ïÔùﬀûÃñ*ýödë=ëööCîHñ,	ùdøíwõóe/ê*ï=îó»ïêMòó»ø/÷ê*óëê
ß
ú»ñ*ú»óöîHê
ú»ê ùﬀûÃödýø/÷ê*óï9ßDbßí*õóì»ùdñ2) (èVU+¶^¶+ ,¡ùtø $oóhø/ò	îHöCîHñ ú»êÅø/ìêwó»ïúÂûÃê5ø/óðêwî,ú»êwë ìhøÅïHø/ýﬁwîïê*ë
÷ñ*õ÷/ïHø/ìSWö%$oó»ê*ë§îê*ùdëﬁ$oó»ê,ùﬀûüø/ùîöîHóú»ê
ß
õ/óåùtø°ì»ï=ê*ë=ëödõ/ò ºúê ùdøÕë=ó»ï=ôø/íwêÄøÅó ìuõödò	îú»ê,ýêwëó»ï=ê,Yùtø
ìõë=öîödõòÕ÷ñ*õ/÷ïHø/ìeW»ö%$oó»êúó ìõ/ödò	î[ú»ê_ýêwëó»ï=ê
ß
ùõò»÷öCîHó»ú»ê&,IùtøÅîöîHóú»ê êwî§ù£û øÅò»÷ùdêú»ê9öëñ*ê&`È¥êwë
ìhø/ïHøÅýQxîHïêwë(ìuõó»ï=ïHø/öê*ò	îGñ*÷ø/ùdêwýêwòoîpﬀwîïêóîödùödëñwëø»ò§ú»êëñwùdêwíwîHöõò»ò»êwï,Åúhø/ò»ëGùdø+hø/ë=êú»ê¡ú»õòò»ñ*êwë
í*ùdöý_ø.îHõùõ÷ö%$oó»ê&,	ó»ò,ì»ïõ»ù6ê*ï«îHöí5ø/ùcøÅëëõí*öñø/óöò/ê*ï=ëödõ/ò»ë
ß
í*êxîîêì»ø/ï=îödêïêwë=îêÚ)§ú»ñ|hò»ödï® "
=ﬁ:/o > qx*q~z ?>Qx*uA@ tﬁu @4D~x>IH|u
RGûÃñwîó»ú»êMúóí*õò	îê*òoóFê*òödòôõï=ý_ø.îHödõ/ò§ëó»ïKú»ê*ëë=ödý[óùtøÅîödõò»ë(ú»êMë=ìêwíwîHï=ê*ëßbß
ß
í#W»ø/ì»öîïê^Ñ Yø
ýõò	îïñG$óêùﬀûÃödò\êwïë=ödõòúÂûüóò§ì»ïõ»ùíwõýìùdêwî]ú»êïø/ì»ìuõï=î]ú»êKýñwùtø/ò»÷/êKúÂû_+
3
òÂûÃê*ë=îìhø/ë(ï=ñ5ø/ùödëø»ùdê&
ËYùó»ëöê*ó»ï=ëYödòôõï=ý_ø.îHödõ/ò»ëödòú»ñ*ìuê*ò»ú»ø/ò	îHê*ë
ß
ë=ó»ïÔùtøÊê*ï«îHöí5ø/ùê (ìuê*óe/ê*ò	î¡í*êwìêwò»úhø/ò	îjﬀwîHï=êlõ»ëêwïﬃ/ñ*ê*ë7
Ë]õó»ïÔùﬀûÃñwîó»ú»ê¤ú»ó»öùtø/òº÷ùõhø/ùhúêVù£û,+
3
,oödùhêwë=î¥ödýìõï«î ø/ò	îYú»ê¤ïêwë=îöîHóê*ï¥ùdøí*õùõò»ò»êlîHõ/îHø/ùdê&,	ì»ùdóîK./î
ïê*ìïñ*ë=ê*ò	î ø.îHö/êúê*ëA$oóhø/ò	îHöCîHñ*ë¤úÂû_+
3
ë«îHïHø.îHõë=ìSW»ñ*ï=ö%$oó»êwë,uø/ödòëö6$oó»êkùtø§íwõùdõòò»êﬂîHï=õìõ/ëìSW»ñwïö$óê
¤õó»ëºøõ/ò»ëºödí*öKí#W»õöëöúÂûÃödò\/ê*ïë=ê*ïºùtø¬íwõùdõ/ò»ò»ê_îõ/î ø/ùê_úÂû_+
3
ß CT
 [øÅödò»ë=öj$oó»êFú»êwëíwõùdõ/ò»ò»ê*ë
ìhø/ï=îödêwùdùdêwë¥öòoîñ*÷ï=ñ*êwëVêwòoîïêkùtø[ë=ó»ï=ôøÅí*êêwî3Z
q
Î
Øoý
ß C6
 ;ZGíwõùdõòò»ê ì»ø/ï=îödê*ùùdêë=êÄë=öîHó»ø/ò	îQ$oóhøÅëödýê*ò	îîHõó\=õó»ïëúhø/òëùdø°îïõìuõë=ìSWS*ï=ê
ß
úaû ø/ìï*ëù£ûüñxîHó»úê§ú»ê[ùﬀûüø/ùCîHöîó»ú»êú»ê§ùtøîHïõ/ìõì»ø/ó»ëê©í5ø/ùí*ó»ùñ*ê!)ìhøÅï=îHöïMú»êwëì»ïõhùdëVú»ê[îHêwý¢Ì
ìuñ*ïHø.îHó»ï=ê dGÈ'
XW
ïñ*ø/ùdöëñ*êú»ø/ò»ëlùdêí#WhøÅì»öîïê
Î
 V®
qzþ[XÊØoý
ß C12
 Zoø/ìì»ïõödýøÅîHöõò[ú»ê¤ùtøﬂíwõùdõ/ò»ò»ê¡îHï=õìõ/ëìSW»ñwïö$óêVøÅóºýõ[´/ê*ò»òê*ë¥ùdøÅîHöCîHó»úê*ëÔ®
þ//
û54
]
üg_a76^b76 :;_if
gb&6*d_"ú'f >cbò@)jªú,8`ú'f+b
q þ Î Øoý
ß C16
 +Zhø/ì»ìïõödýøÅîHöõòú»êkùtø§íwõùdõòò»êﬂîHï=õìõ/ëìSW»ñwïö$óêú»ø/ò»ëlùdêwëîHïõ/ì»ö%$oó»êwë
ÍVòê°í*õùõò»ò»êÄîïõìuõë=ìSW»ñ*ï=ö%$oó»ê&,ödò	îHñw÷ïñwê¬ê*ò	îïê ùtø ë=ó»ï=ôøÅí*ê°êwîùdø îHï=õìuõìhø/ó»ë=ê,êwë=îñw÷	ø/ùdêwýêwò	î
ödò\/ê*ïë=ñ*ê¡ýø/ödë]ëõò§óîHödùödëøÅîHöõòêwë=îGï=ê*ò»úó»ê¡ú»ñ*ùödí*øÅîHêKìhø/ïùêý_øÅòS$oó»êúÂûÃödòôõ/ïýøÅîHöõòë=ó»ïù£û ø/ùCîHöCîHó»ú»ê
ê"ø/íxîHêlú»ê¤ùtøMîïõìuõìhø/óëê¤ø/ëë=õíwödñwê dGò_ê"Ûaêxî,	ýﬁﬀ*ýê¡ëöhí*êxîîêMø/ùCîHöCîHó»ú»ê¥ê*ë=îÔôõó»ï=ò»ödê¡êwòêwò	îHïñwêVì»ø/ï
ùdêkì»ï=õhùcú»êkîHêwýìuñ*ïøÅîHóïê,qú»êwëVîê*ë=îëVõ/òoîVýõò	îHïñ5$oóÂûÃê*ùùdêò»êìuê*óîMìhøÅë*ﬀxîHïêïêwë=îöîHóñ*êø/ê*íó»ò»ê
ì»ï=ñ*í*öëöõò_ë=óe(ëHø/ò	îHêêwòëõ/ï=îHöêeÈ¥êﬂì»ï=õú»óöîKòÂûüêwë=î¡ì»ø/ë¥öòoîñ*÷ï=ñMúhøÅò»ë¥ù£û ø/ù÷õï=öî®Wýê¡õìuñ*ïøÅîHöõò»ò»êwùæ,
ó»òSøÅùd÷õï=öîW»ýêºë=ìñwí*öcS$óê³)¬ëõò ödò\êwïëöõòSê*ë«î§ú»ñ"ê*ùõì»ìuñê*òSì»ø/ïHø/ùù%wùdê^dGòSíwõýìùdñ*ýê*ò	î©ú»ê
í*êwë©íwõùdõòò»ê*ëúÂû,+
3
,Tú»ê*ó ùó»ýöòhø/ò»íwê*ëëõò	î©ödò\êwïëñwê*ë§ìuõó»ï3ñ*ï=öchêwï©ùdø í*õW»ñ*ï=ê*ò»íwêödò	îHêwïò»ê_ú»ê
ùﬀûÃödò\/ê*ïë=ödõò Z(ùtø ì»ïêwýö*ïê_ìõóï©ùdê_í5ø/òhøÅù).E Î ,¹,í*ý
−1
,(ì»ï=õí#WêFú»êFùtøÄùöd÷òêú»ê³»ø/ëê&,êwî§ùdø
ú»êwóö%*ýêìuõó»ïlùdêﬂí*ø/òhø/ùI)Fþ/ÙÑS_¹[í*ý
−1
,»í*õ/ïïêwëìuõò»úhøÅòoî+)§ó»ò»êôõï«îHêëö÷òhøÅîó»ïêkú»êkù£û,+
3

RGûüêwïïêwó»ï©úaûüöò/ê*ï=ëödõ/ò6,(êwë=îHöýñwêêwòSóîHöùdöëHø/ò	îkùtø,ýñxî®W»õú»êú»ñ*íwïöîê_úhøÅò»ë©ùdø ëêwíwîödõò ¹º¹,Iêwë=î
ø/ë=ëõí*ödñwê¤ø/óìïõú»ó»öî*hòhø/ùâ,oø/ödò»ë=öS$oóÂûÃó»ò_ì»ï=õhùS/ê*ï=îödí*ø/ùhí*ùödýøÅîHõùõ÷ö$óêKú»êlïø/ì»ìuõï=îÔú»êlýñ*ùtøÅò»÷ê,
ödë=ëóúaûüó»òêﬂí*ùdø/ëë=öchí*øÅîHöõò6`ﬂø/ò»ëKùdê¤ôóîHó»ï7,öùqê*ë=îê*ò\ödëHøÅ÷ñﬂú»êﬂíwõó»ì»ùê*ïKùdê*ëKí*õùõò»ò»êwë¥öò/ê*ï=ëñ*êwëlø/ó
ì»ï=õhù¦/ê*ï=îödí*ø/ùIø/ëë=õíwödñkø»ò úÂûÃõîê*ò»öï¡ó»ò,ì»ïõ»ùcú»êkò»ö/ê5ø/óÙ[ôõïíwñì»ø/ï¡ùdêwë¡ýêwëó»ï=ê*ë
=¢:¸ Y uA@ZxpH"J³>IH7DﬂF tﬁs z DtﬁsBrutíwH7Fp­uŁx@4H"DÚF
RGû ø/ù÷õï=öî®Wýêúaûüöò/ê*ï=ëödõ/ò¦ø ñxîHñ,ú»ñ7/ê*ùdõ/ì»ìñÄê*òåóîHödùödëø/ò	îùê*ëºîHêwí#W»ò»ö%$oó»êwëú»êwë_ïñwëê*ø/óåú»ê
ò»êwó»ïõòê*ë
ß
¶0c ,j$oó»öìuê*ïýêwî=îHêwòoîùdø ýõú»ñwùdöëHøÅîödõò ë=î ø.îHödë«îHö$óê¬ú»ê°ùtø ôõ/ò»íwîödõò¦ú»ê¬îïHø/òë=ôê*ï«î
ë
ß#TVU
ÄKñ7$ó»øÅîHöõò?XCþ\ [êwò óîHöùdöëHø/ò	îºó»ò»ê ø/ì»ìïõí#W»ê µø´/ê*ëöê*ò»òê¬ì»ïõí#W»ê ú»ê*ëýñxî®W»õú»ê*ëì»ùó»ë
í*ùdø/ëë=ö%$oó»êwë
ß
ê"ìuõëñkúhø/òëVùêﬂìhø/ïø/÷ïHøÅìSW»êﬂXYXºX "
`ﬂø/ò»ëlò»õÅîHïêkñxîHó»ú»ê&,hùﬀûÃñ$oóhøÅîödõòú»ó,ì»ï=õ»ù%wýêMödò\êwïëê
ß
ñ7$oóhøÅîHöõòXCþ\ ¥ìuê*óî¤ë*ûÃñ*íwïöïê
{cˆ, rˆ} =
¶
(y, bˆ,xa,w) =
¶
(f(x,b) + ε, bˆ,xa,w)
ß
¹þ 
øêwí
cˆ = C(xˆ)
ùdê³êwíwîHêwó»ïíwõò	îHê*ò»ø/ò	îùdêwëºí*õùõò»ò»êwëêwë=îHöýñwê*ë
ß C
ï=ê*ì»ï=ñ*ëêwò	î ø/ò	îFù£ûüõìuñ*ïøÅîHêwó»ï
í5øÅùdí*óùtø/ò	î¡ùê*ë¡ú»öÛañwïê*ò	îê*ëlí*õùõò»ò»êwëA)§ìhø/ï=îödïúó ì»ï=õhùÂúêïø/ì»ìuõï=îú»êkýñwùtø/ò»÷/ê ",ú»êú»öýêwò»ëöõò
nc = 4
ìõóïù£û øÅùd÷õï=öîW»ýêõìuñ*ïøÅîHöõò»ò»êwù
cˆ = {C6, C12, C16, CT}
êwîú»êú»öýêwò»ëöõò
nc = 1
ìuõó»ïIùﬀûüø/ùd÷/õïöCî®W»ýêùﬀûüø/ù÷õïöCî®W»ýê^¶?îHï=õìõ/ëìSW»ñwïö$óê|·
cˆ = {Ctropo}
êwî
rˆ
ùdêgêwíwîHêwó»ïú»êÔú»öýêwò»ëöõò
nr = 2
í*õò	îê*òhø/ò	îùê*ëùó»ýöòhø/ò»íwê*ëê*ë=îödýñ*êwëRcê°ò»õ/ý»ïê îHõ/îHø/ùVúê¬ëõï«îHöê*ëë=ê*ïHøSú»õ/ò»í¬ñ*÷ø/ù
)
nc + nr
gRcêwëﬁ$oóhøÅòoîöîñ*ë¢$oó»ö¡ò»õó»ëºöòoîñ*ï=ê*ëë=ê*ò	îê*ò ì»ïöõïöCîHññxî ø/ò	îùdêwë§í*õùõò»ò»êwë§úÂû,+
3
,òõó»ë
õýêwî=îHïõ/ò»ëIìhø/ïIùtølëó»öCîHêÔùtø¡í*õ/ýìuõëHøÅòoîê
rˆ
ú»óﬂ/ê*íxîHê*óïú»êÔëõï«îHödêÔø»ò©ú»êÔëöýì»ùöchêwïÂùdêwë]ñ7$oóhøÅîHöõò»ëGZ
cˆ =
¶
(y, bˆ,xa,w)
ß
¹ºX 
ÍVò»êì»ø/ï=îlöýìuõï=îHø/ò	îHêVú»óú»ñ7/ê*ùdõ/ì»ìêwýêwò	îVúó,ýõúS*ùêMò»êwó»ïõò»ø/ùcê*ë«îlõíwí*ó»ìuñ*êkìhø/ï¥ùtø[ìSWhøÅëê
ú»ê í5ø/ùö%»ïøÅîHöõòåøÅó í*õóïëú»êÄùtø$oó»êwùdùdê,ùdêwë_ìhøÅïHø/ýﬁwîïê*ë
w
ú»ó ¶0Çë=õò	îFú»ñxîHê*ï=ýöò»ñ*ë9) ìhø/ï«îHöï
úÂûÃó»ò»ê3hø/ë=ê©ú»êú»õò»ò»ñwê*ëVödò	îHñw÷ïHø/ò	îVò»õ/îïêí*õò»ò»ø/ödë=ëHø/ò»íwêÃ }æ½2Âú»êùtøºìSW\´ëö%$oó»ê©ú»óÄì»ï=õ»ù*ýê
êwîYúê¡ëê*ëYë=õùdóîödõòëRGûÃödòôõ/ïýøÅîHöõò
xa
ò»ñ*íwê*ë=ëHø/öïêlìõ/ó»ïGïñwëõó»úïêlùdêìïõ»ù*ýêödò\/ê*ïë=êlê*ë=îÔú»õ/ò»í
ödýì»ùödí*öCîHê&,/í*õ/òoîïHø/öïêwýêwòoî)©í*ê+$óêùﬀûÃõò_ï=ê*ò»íwõò	îHïêú»ø/ò»ëùê*ëKôõ/ïýø/ùdöëýê*ëGì»ùó»ëí*ùdø/ëë=ö%$oó»êwëcZêwùdùê
ê*ë«î¤ödò»íwùdó»ë=êúhø/ò»ëlùdêwë¡ìhø/ïø/ýQxîHï=ê*ëlú»ó,ýõúS*ùêﬂò»êwó»ïõò»ø/ùæ
RIø hø/ëêFúêFú»õò»ò»ñwê*ëºú»êFí*ø/ùdö»ïHøÅîödõò ê*ë«îºí*õò»ë«îHöCîHó»ñwêFú»êFëöý[ó»ùtø.îHödõ/ò»ëìuõó»ï§ùê*ëﬃ$óê*ùdùê*ë[úê*ë
W\´ìõ/îWS*ë=ê*ëlëõ/òoî¡ôøÅöîHêwë$oóhø/ò	î¤ø/óìhø/ïø/ýQxîHï=ê*ëú»óì»ï=õ»ù*ýêMú»öïê*íxîlò»õòFöò/ê*ï=ëñ*ëA$oó»öcò»êMëõò	î
ìhø/ëcë=ìñwí*öahñ*ë7,.íÅûüêwë=î	Ìi)EÌ?ú»ödï=êYø/óîHï=ê*ëI$oó»êYùdê/ê*íwîê*ó»ï
bˆ
ú»êwëTîê*ýìñwïHøÅîó»ïêwëcúÂûüêwò	îHïñwê,ìhø/ïIêêwýìùdêGùdêwë
í5øÅïHø/íxîHñ*ï=ödë«îHö%$oó»êwë¥öò»ë=îïó»ýê*ò	î øÅùdê*ëÔêwî¥ùdêwë¥ìhø/ïø/ýﬁwîHï=ê*ëKëìuê*íwîïõë=í*õìö%$oó»ê*ë7ÐRIø©ú»êwëí*ï=ödìîödõòì»ïñwí*öëê
ú»êkí*êxîîê3»ø/ëêkú»êkú»õòò»ñ*êwëVêxîVúêùdø[ìSWhø/ë=êúêí*ø/ùdö»ïHø.îHödõ/òê*ë«îVìïñ*ë=ê*ò	îHñwê©úhøÅò»ëlùtø[ìhø/ï«îHöê3¹èÑe
Rcêìïõ»ù*ýêﬂödò\/ê*ïë=êúñ*í*ï=öîlìhøÅï¤ù£ûüñ7$oóhøÅîHöõòÇ¹YX[ìêwóî¤ú»õò»íkë*ûÃñ*íwïöïê¢Z
6 :§¦ :G>+b-d¦û56^_iü+a_"ú'f >B=Ál1ú>B=(@Ibi>Gj _ifgb&6*d_"ú'f
þ/þ
cˆ = R(y, bˆ,W) ß
¹YÙ\ 
ø/ê*í
R
ùtø§ôõò»íxîHöõò úêîHïø/ò»ë«ôê*ï=îMýõú»ñwùdödë=ñ*êkìhø/ï¤ùdê3¶0Ûêxî
W
ùﬀûÃê*òëê*ýÚ»ùdêú»ê*ëMìhø/ïHøÅýQxîHïêwëVúó
¶Z3I/øÅòoîYúêú»ñ*íwïöïê¡ùdêKýõú»ó»ùê¥úÂûÃödò\/ê*ïë=ödõòºú»ê¡ù£û,+
3
,/ò»õóëYø/ùdùõò»ë(ìïñ*ë=ê*ò	îHêwïg$óê*ù%$oó»êwëYò»õ/îHöõò»ë
ú»ê5hø/ëêkë=ó»ïlùdê*ë¡ï=ñ*ë=ê5ø/ó,úêòê*ó»ï=õò»ê*ë7
[ ¼½R¼¾ \9Ì5ÄÅAÌ&Ã)ÒÁÇZÕßÂ&ÒÕÒÀZÎ ýmÕQÒ±ÎÆQÒfÕQÂ&À^] Ç)Õ9Ã)ÕQÀZÎÌ&Ã)ÕQÒ
Rcêﬁ»óîú»êí*êìhø/ïHøÅ÷ïHø/ìeW»êòaûüêwë=îìhø/ëúÂûüêìõë=ê*ï[úêýø/ò»ö*ïê§úñwî øÅödùdùñ*ê§ùê*ëkîHê*í#Wò»ö%$oó»êwë©ú»êwë
ïñ*ë=ê5ø/ó ú»ê§ò»êwó»ïõòê*ëý_ø/öëMú»êºú»õ/ò»ò»ê*ïùê*ëì»ï=ödò»íwödìuê*ëﬂôõòúhø/ýê*ò	î ø/ó°ìuõó»ïﬂùdøí*õýì»ïñ7W»ê*òëödõ/ò
ú»ó°ôõò»íwîödõòò»ê*ýê*ò	îú»êºù£û ø/ù÷õï=öî®Wýê&ÍVò»êºú»êwëí*ï=ödìîödõò°íwõýì»ù%xîHê[êwë=îì»ïñwëêwòoîñ*êúhø/ò»ë`_´#ÀÐ½Í}
ÅCþ\¹EÆ
ß
í5ø/ël÷ñwò»ñ*ïø/ù ,a06ÀöÃ;Á"ÂjÃ¼ÄÅËþÙ&Æ
ß
ýõú»ñ*ùödëøÅîHöõò_ú»êôõòíwîHöõò»ëúêkîïHø/òôê*ï=î# ¥êwîcbÊÃE³3dfe
g4ÃhÃ®½ÅCþ&Æ
ß
ödò\/ê*ïë=ödõò,ú»êk÷	øÉﬂîïHø/íwê*ë*)§ìhø/ï=îödïúêë=ìêwíwîïê*ë^ßi¶* "
Í¤òFò»ê*óïõò»êMê*ë=îó»ò»êMôõòíwîHöõòú»êVîHïHøÅò»ë=ôêwï=îñwùdñwýêwòoîHø/ödï=ê+$oó»öí5ø/ùí*ó»ùêVó»òêﬂëõï«îHöê
sj
)ìhø/ï=îödï
úÂûüóò êwò»ëêwý»ùdêkúÂûÃê*ò	îïñ*êwë
{si}, i = 1, ..., m
ß
h÷ó»ï=ê3¹YÙ ÊZ
sj = f(
m∑
i=1
wji si + β
j) ß
¹ Ñ 
õ
f
ïêwì»ïñwëêwòoîêùdøôõò»íxîHöõò¬ú»êîHïHøÅò»ëöCîHödõ/ò
ß
õó°úaû ø/íxîHö/ø.îHödõ/ò lúó°ò»ê*ó»ï=õò»ê&,Âìhø/ïﬂêê*ýì»ùdê[óò»ê
ôõò»íwîödõòùödò»ñ*ø/ödï=êﬂõóÄë=öd÷ýõ
iﬀú»ê,»êxî
βj
ùê5»ötø/öëlø/ì»ì»ùö%$oó»ñø/ó,ò»ê*óïõò»ê&,$oó»öIìuê*ï=ýêxîVúêú»ñwì»ùtøÅí*ê*ï
ùdêëêwó»ödùaúÂû øÅíwîHöÅøÅîHöõòFú»êkùtø©ôõòíwîHöõòú»êîHïø/ò»ëöCîHöõò6
(b)
Σ
i
m β1j iis = f (    w  s +   )1
s 1
s 2
s m
w1
1
w1
2
w1m β1
Σ f
(a)
.
 
.
 
.
'o4¹èÙ!q
P
r/S

{/wKÊrﬁ ts³seytseykj
P
WUScl4uEyKGexzy3Ey*Y#s{#|~}sÇEyc|~rs\v}%|~}sGY#s{|~}~sÇ&yc|mﬃ\y
v},ﬃÊn~Ey"
Í¤ò;¶Z ê*ë=îlóò,êwò»ëêwý»ùêﬂú»êò»êwó»ïõòê*ë¡ödò	îê*ï	Ì?í*õòò»ê*íxîHñ*ë7ÈjWhø$oó»êò»êwó»ïõ/ò»êïêo	*õöCî¡êwî¡êwò\õöê
ú»êVù£ûüöòôõï=ý_øÅîödõò[ø/óò»ê*óïõò»êwëøêwíﬂùdêwë$oó»êwùdë¥öùhê*ë«îí*õ/ò»ò»ê*íxîHñ&SRcê*ëÔùdödø/ödë=õò»ëYê*ò	îHï=êMùê*ëÔò»ê*ó»ï=õò»êwë
ëõò	îìuõò»ú»ñwïñwê*ëêwîﬂó»ò.»ötøÅödëMìuê*óîÊﬀwîïê§ø/ìì»ùdö$óñ)_í#Whø&$óêòê*ó»ï=õò»ê¦RGû ø/ë=ëõí*ödøÅîHöõò¬ú»ê©îKµ/í#W»êwë
ñ*ùdñwýêwò	î ø/öïê*ë¥ëödýì»ùê*ë¡ìuê*ïýêwî¤øÅó¶0zí*õýì»ùêwî¡ú»êkï=ñ*ëõ/ó»ú»ïêú»êwëVì»ï=õ»ù*ýê*ëîHïﬃ*ëlí*õ/ýì»ùê"ê*ë7
Rcêwëí5ø/ì»ø/í*öCîHñ*ëKú»ó³¶0 ë=õò	î¡ú»ñwîê*ï=ýöò»ñ*êwë¥ìhø/ïKëõòøÅïí#W»öCîHê*íxîHó»ï=ê,í/ûÃê*ë«îﬃÌi)[Ì`ú»öïêMì»ø/ï¥ùêVò»õ/ý»ïê
ú»ê ò»ê*ó»ï=õò»êwë,lùdêwó»ïëFôõò»íxîHöõò»ëFú»ê°îHïø/ò»ë=öîHöõò¦êwî,ùdøSîõìuõùdõ÷/ödêÄúêÕùê*ó»ï=ëí*õò»òê"ödõòë
ß
êwî,ìhø/ï
ùﬀûÃê*ò»ë=ê*ý»ùêú»ê*ëlìuõödúë¡êwî^»ötøÅödëï=ê*÷ï=õó»ìuñ*ëlúhø/ò»ëlùdøºýøÅîïödíwê
W
ú»êwë¤ì»ø/ïHø/ýﬁwîïêwë¤úó¶0c 
RIø ìïê*ýö%wïê ñwî øÅìê úhø/ò»ëùdø íwõò»ë=îïó»íxîHöõò¦úÂûÃó»ò ¶Zê7(í5øÅí*ê°ê*ë«îFú»õòí¬ú»êÄîïõóe/ê*ïù£û øÅï	Ì
í#W»öîê*íwîó»ïêõìîödýø/ùdê&,S$oó»ö(øëóe(ëHøÅýýê*ò	îﬂúê©ú»êw÷ïñwëMú»êùdö%uê*ï«îHñ
ß
íÅûüêwë=î	Ìi)EÌ?ú»ödï=êú»êìhø/ïø/ýQxîHï=ê*ë# 
ìõóïKï=ñ*ëõ/ó»ú»ïêùêVìïõ»ù*ýêeÈ¥ê*ùùdê"Ì?í*öqê*ë«î¡í#W»õöëöêMëóï¥ùtø3hø/ë=êﬂú»êﬂíwõò»ëöú»ñ*ïøÅîHöõò»ëÔê*ýì»ödï=ö%$oó»êwë¥êwî
ú»ñ*ìuê*ò»ú,ú»êkùtø§íwõýìùdê"öCîHñﬂú»ó,ì»ï=õ»ù%wýêc)ï=ñ*ëõ/ó»ú»ïê&
þ/\X
û54
]
üg_a76^b76 :;_if
gb&6*d_"ú'f >cbò@)jªú,8`ú'f+b
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
lk
g
g
g
g
g
g
r(1)
r(2)
CT
.
.
.
.
.
.
1 2 3
1 1 11jβ βk2 3lβ
c^
C6
C12
C16
r^^
^b(1)^
b(l)^
y(1)
y(m)
jiw kjw w
Couches
cachées
Couche 
de sortie
Couche
d’entrée
'o^¹ Ñ q

{Kw/5r2Ey³x r{/E}~|öy{#|~tyEw®sewrxzyt1iwﬃv#yirt EysSyt&seyvﬂ\t&xi }%s y®	v}~s ﬃ\wrHJ
|~}sseyx%x ycEycxiOL
3
¡ﬃx4{iH-iys
]
{it\{/yv5{	r[{/wiyvﬂEy
S1
 S2

ﬀ\!
sey®t&seyﬃv5{/rE{®t&sSyÔ¡ﬃxiyﬃv|~}~|~tycxzr
{ixzssSyj|V|Vrx y
CT
N
x yﬃvj{	xºsseyr|~}Vyx%xzy
C6
N
C12
y®|
C16
N
r}%s\v}V¥®ty
]
xètc}sers{	yﬃvj|öyﬃv|
rˆ(1)
y®|
rˆ(2)
C`r®|~}GEyv
m
{irsrtuÊEygxètc}sers{	y$3yﬃvﬃtiwﬃv
P
y
S
N
Eyﬃv
l−1
|öy/-\wr|~t&iyﬃv'r|5vV\wﬃ}¥®tyﬃv-rvﬃv®{®}Vwiyﬃv
vﬃt^EyﬃvAs}cyirtu!&yeyﬃvﬃvﬃ}s)uEwﬃv
N
y®|Ey'xzrÚ|öy/-\wr|~tyÊ&y'vt&Y#r[{	y
P
bˆ
S
[
¼T½R¼Uù p©Îqsr)ÅÄfÕtÄfÀZÎÕ¨ÇZÀ ÎÆQÒfÕQÂ&À Ç)ÕþÃZÕQÀZÎÌ$ÃZÕQÒ
Ë:uwvsxzy|{o}z~qxu
qy|o{o})|Łw{ox}3|uwq{suwqqo{}wouw~SW\´E}|vq{o},y{}zqÛox{o{}RTvqq{o}x
y|}{o}
uwuwx`v)vqq{
x#WqHT{ooTvsx{
q
~sTo{`{o}3Vvs.¶ZvqyHTÌuwvs#Wq{Ú)q{vEouwvq#Wq{o}c
#Wqo{}
Å106À|öÃ³Á"ÂÃ¼ÄþwÙf®ﬃbÊÃE³3dfe g4ÃhÃ®½þwwEÆT{oytvq{¡o{yvq)~qx3}{oT`}3vqx,ym­k
vqx{ﬂ¹£¢ Ñq¢
Rt{Ú¶0}3{`ouw~ﬃuw}3{¡)vqq{¡uwvs#Wq{){Tx3{ouw~qx{ok

m + l
q{ovqxuws{}¤
m
y|vq|q
q{o}
y
{R
l
{~¥oxTQvqx{o}
bˆ ¦
vq§x{ouw~s|{y|{o}{oxo{}¨s{`y ©
ywuwxH®Wq{
ªEq{ÚXouwvq#Wq{o}V
#Ws{}¨q{
S1
{o
S2
q{ovqxuws{}«{R«©vqs{ouwvq#Wq{q{}3uwx3|{,q{
nc +nr
s{vqx3uwq{}o¢eRt{o}aq{ovqxu
q{}aq{}¬uwvs#Wq{}
Q#Wq{o}D{Rq{­}uwx®T|{J{}3|{y|{o}¯ŁQ
y|{ovqx}'q{o}}uwx®T|{o}wxKµ
o{­
v£±°²uwqo|uws}'q{³TxTQq}HT|u

vq¬y|{vsx`}u
Qx|svq{o}¢nR§ °²uwqo|uw´q{xT
q}®°²{x®-ë¶µJuEqy|}{ox¡RO
`quwÌy||s
x{
ªts{}
°²uwqRTuwq}·q{,TxTQq}HT|u
}3|wu
i q{}
f
uw¬oT#Wquw}|{o}·~¥uwvsxa#WkQvq¯s{}¬q{vqx3uwq{o}«q{o}«u
vq#Wq{}
Q#Wq{o}ﬂZ
f(x) = tanh(x) =
ex − ex
ex + ex
¤â¹£¢º¹
¦
RZuwvq#Ws{`q{}u
x3T{uw~qx{oq
nc + nr
q{ovqxuws{}Ł
{¸q{},°²uwqRTuwq},q{cTx
q}HTuwy||s
x{}
g
Z
g(x) = x
¤æ¹£¢
Î
¦
Rt{},~k
x
oTx3{}¹q{yº»
x3#Wq{RTvqx3{¸sv¶0¼}uw^xo}vq},kQq}y{VO
sy|{QvÇ¹£¢
¢
RZ°²u
qo|uwq{cTx
q}®°²{x3,
y|uwkQy|{Vu£sy|}o{V~¥{ovs^}ox|x3{¢Z
cˆ(p) = g
[
S2∑
k=1
w3pk.f
[
S1∑
j=1
w2kj.f
(
m∑
i=1
w1ji.y(i) +
m+l∑
i=m+1
w1ji.bˆ(i−m) + β
1
j
)
+ β2k
]
+ β3p
]
,
p = 1, ..., nc
¤â¹£¢,
¦
6 :§¦ :G>+b-d¦û56^_iü+a_"ú'f >B=Ál1ú>B=(@Ibi>Gj _ifgb&6*d_"ú'f
½Ù
k-lnmpo^¹£¢qi+yﬃv®{®} e|~}~s Ey9xi r{/&}%|öy{|~t&iy y®|5EyﬃvQv®®|~}yvtß· \t&xi }%s y®	v}~s &y9xML
3 N­P
ﬀ
S
y®s<5Eyﬂﬃ\w®r|~}ssSyx
N)P
]
Sﬁys?Ê"Ey¾|~ﬃvöw}¥#t\y¿~7'yÊseH~WyÚEyﬂEywﬃvEyÊxY}ÊWiy®|öwtB52x y
sSyt&srx¦yﬃv|p[ssSw\rAx yAseH~Wy+Ey`rrH~®|~iyﬃv
ÀtÁQÂ1ÃÄOÅOÆ
S1 S2 Ç
ÅTÈÃÄOÆ·ÉÅ Ê
ËÃ1Â1ÌÍÅOÆ ÊQÎQÏÐsËÑÍÅOÆ Ò¬ÁÌÓÂÄOÆ
(m + l)
ÑÓÌÓÐqÅTÃ1ÂÄ ÔmÕOËÑÍËÁÁÅOÆ3Ö
Ô
¨
Ö
¨R×
¬
¨± ¨±
¬
¨
©Ø Ù
ËÂ®ÚÑÍÅ
CT
ÒaÁÌÓÂÄ
Ç
ËÐÆËÁ a
Ï.Û
¨®­Q×
Æ1ÜÃÝfÚÕOÅÞ
±¨ß
Ï
C6
Ç
Ò
Ñ¥Û
¯
©¸à
¨
Æ1ÜÃÝ²ÚÕOÅaÞ
¨¯¨ß
Ï
C12
Ç
Ò
Æ1ÜÃÝ²ÚÕOÅaÞ
¨±¨ß
Ï
C16
Ç
Ò
ákÜÏcÌÓÁEÚÁÕOÅ
¨
×
¨Lâ
−8
Ô
°
×±wã×
©
ÕTÏ
−1
Ö
rˆ(1) ä/å
ÔmÕTÏ
2
ÕTÏ
−1
Æ1Ã3Ö
ákÜÏcÌÓÁEÚÁÕOÅ
¯
rˆ(2) ×
¨Lâ
−8
Ô
¨Lâ
¬
­ã×
©
ÕTÏ
−1
Ö
äå
ÔmÕTÏ
2
ÕTÏ
−1
Æ1Ã3Ö
Ô
¯
Ö
¨R×
¬
¨± ¨±
¬
¨LâM×
Ù
ÃËæsËÆæçÄTÃ1ÌÍèSÜÅ
Ctropo
Ç
Ò
Ï.Û
¨®­Q×
ákÜÏcÌÓÁEÚÁÕOÅ
¨
rˆ(1) ×
¨Lâ
−8
Ñ¥Û
¯
©¸à
¨
Ô
°
×±wã×
©
ÕTÏ
−1
Ö
äå
ÔmÕTÏ
2
ÕTÏ
−1
Æ1Ã3Ö
ákÜÏcÌÓÁEÚÁÕOÅ
¯
rˆ(2) ×
¨Lâ
−8
Ô
¨Lâ
¬
­ã×
©
ÕTÏ
−1
Ö
äå
ÔmÕTÏ
2
ÕTÏ
−1
Æ1Ã3Ö
a ¨
Ç
ÒéÛ
¯wãª±
°
¨Lâ
16
ÏËÑÍÄOÕTÜÑÍÅOÆ
å
ÕTÏ
2
{o
rˆ(p− nc) = g
[
S2∑
k=1
w3pk.f
[
S1∑
j=1
w2kj.f
(
m∑
i=1
w1ji.y(i) +
m+l∑
i=m+1
w1ji.bˆ(i−m) + β
1
j
)
+ β2k
]
+ β3p
]
,
p = nc + 1, ..., nc + nr
¤æ¹£¢©ê
¦
u
w1ji
ª
w2kj
{o
w3pk
x3{~qx3}{oT{¨y|{},QTx3|o{}¹q{~ﬃuw|q}¹s{}^uwqs{R£|uws}Ł
{
i=1, ..., (m+l)
y|{}y{T}¯s{ymëuwvqOìs{³)©{oTxo{
ª
j = 1, ..., S1
y{}¯s{vqx3uwq{}'s{ymí
é
Ö
¬
uwvsOìq{QOìq{Qª
k=1, ..., S2
y|{o},q{vqx3uwq{o}¨q{ymî2éÊêQ¬«uwvqOìs{¡
Oìq{¡{o
p=1, ..., (nc + nr)
y|{o},q{vqx3uwq{o}¨q{ym
uwvqOìs{¨q{}uwx®T|{Q¢ït{}«sm
}aQ}}uE}a
v£q{ovqxuws{}«}3uwy{}¬uw~¥u
}T
T{o}as{}«Ł
{o{vqx3}
β1j
ª
β2k
{o
β3p
¢
^u
Tu
q}cv)©yz{}®¸uwq}3{y|y|`q{quwx3ð
y|}3{x¨y{}c{oxo{}¸q{y ©
y|
uwxHTìq{`2k­q{~¥{ox{o3Tx{
vqq{vs|y|}TQ|uw uw~s|
y|{¸q{o}V°²uwqo|uws}V)©
oŁQQTuwq{o}cq{vsxuwq{o}|qqHŁE|qvq{oy|}o¢^uwvq}Łwuws}
quwx
y|}y|{o}¹y|vq|kQq{o}¹{o^y|{o}T{~ﬃxTSTvqx3{},){Tx3{¸q{ym
q|ox{c}3vqŁQ
T{ñ
y òóÖ ê = 1.8
y − y
2
q{oŁ
(y)
;
q{oŁ
(y) =
ðM
(ymax − y;y − ymin)
{o
bˆ òóÖ ê = 1.8
bˆ− bˆ
2
q{oŁ
(bˆ)
;
s{oŁ
(bˆ) =
S
(bˆmax − bˆ; bˆ− bˆmin)
Ł
{
(y, ymax, ymin)
{R
(bˆ, bˆmax, bˆmin)
y|{o}¡ŁQ
y|{ovqx}¡u´
{qq{o}ªzS£|
y{}c{oq|
y|{o}Vq{o}
y|vq|kQq{o}{R'q{}¯{~¥oxTQvqx{o}'x{o}~ﬃ{oŁ
{{ª
y|ovqy|o{}¯}3vqx¯yº©{oq}{oqy|{Jq{}'{Ls{o~sy|{}
uwq}3|qoxo}¢È«{o3T{¸~qìk
}3{q{quwx
y|}TST|u
ð}{oxT|~qy|HT{^k
q},ym}3vq{cq{ymq{o}x3|~s|uw¢
½Ñ
û54ô+ü·õö76^÷76 :õø
gz÷&6ù£õ"ú¹ø >V÷ò@)jªú,8`ú¹ø¨÷
=ú¢n Y {ŁpXurRû¡üü uRz u,ýþ tﬁs z ûtGsBr|u tíw1ßoý-pXuŁx ZßRû¡ý
ït{}~kQxT
ox{}
W
qv0 }u
qo{x|s}
vouwvqx3})vqq{'~qìkQ}{'q{¯
y|qxTST|u
)ªtuwv
)©
~q~qx3{T}}
w{
¢'È«{y|y{"Ì¨ouwq}3|}3{­µq||}3{xvqq{°²uwsoTuw q{³ous ¤5ovkQTuwXî£¢èÙw½
¦
{R
qo{}3}HT{ð~ﬃuwvqxo{ymvqq{k
}3{q{quwqs{}¡uwsEvs{}`ouw~qx{ok
µ ym¯°²uw}¸y{}¸{Tx3{o}`{o¡y|{o}
}u
x3T{}zsv~sxuwqy{
¢
3
ym)kq{¹y|V~qìk
}3{^»
~s~qx{o|}3}T
w{Qªy|{0é{}®·{Tx3{{·qo{x3q
{o,
~k
sy|{cq{¸wsxTQy||}3{xyº©s°²uwx3ðQ|uwð
~q~qx3|}3{
¢
ït{}0&~ﬃ{v£Łw{	RTx{auws}|sxo}zu
{·q{}z{o}3|QT{ovqx}§}3TQT}3Tvq{}:{oz~ﬃ{v£Łw{·
y|ovqy|{ox
q{o}`~k
x
oTx3{}¡}|
qckQTH°²}}{vsy|{{`y|uwx3}v)|y|}}3uw
y|qx3}{v£T|y|}
q{}{oq}{oqy{}
)©
~q~qx3{T}}
w{¸}3OST|}®TEvs{{¨x3{~qx3}3{OQ°²}q{¡y|}3vkQTuw x{oy|y{
¢Ís{`Q3T{o|uwD~k
x®TÌ
vsy||ox{Vsuw,qu
q
oTx3{~¥uwx®To{¡µy|uwq}®THTvs|uwq{ymq
}{q{quwsq{o})©
~q~sx{|}}
w{Q¢
[ ¼»0¼m¾  Ì&Ã)ÒEÄÅÄfÀ0ÄfÅAÌ&Ã Ç­ÉÀZÃ)Õ9ß)Â&ÒfÕ9Ç)ÕþÇZÌ$ÃZÃ)ÆQÕQÒVÌÐ Ó)ýÄÕ
ïZð~qìk
}3{)©
~q~qx3{T}}TQw{qv0 qo{}3}{vqq{kQ}{q{suwqqo{}cu
~qyo{`){R£{~qy{}
u
qvq}¨{R¨x3{~qx3}{oOQ°²}VqvDuw~ﬃuwx3{{¨s{¡y|°²uwsoTuwDµ{}®T{ox¢dy|y|{ouwT|{o¨y|~qì\Ì
}vq{qv­~qxu
qy|o{{Ruws}3THTvq{yº©s°²uwx3ðQ|uw8Ã}2Zq{y |Ł
{x}3|uw¢4Íq{~q
x3|{q{o{o3T{
k
}3{Vq{cqu
qq{o}¹{}®,vsTy||}3{~¥uwvsxy ©\3vq}®T{{¹s{}¹~k
x
oTx3{}
W
qvZ ¤5~ﬃuw|q}a{o¹sm
}
¦
ª
~ﬃ{qkQ§y|~qìk
}3{a)©
~q~sx{|}}
w{Q¢MïZ{o}:{L£{~qy|{o}§vqs{¬}3uw§~k
}Z|qoy|vq}tq
q}§{o3T{·k
}3{·)»Q~Ì
~qx3{T}}TQw{¨}3uw¹vsTy|}}·~ﬃuwvqxauwq}®THTvq{ox«q{ov£¯{oq}{oqy{}«ouw~qy|o{oT
|x3{}^ñ)¤
¦
y {q}3{qy{
q{VŁQ
y|kQ|uw~¥{ox{o,q{cŁ
xak{x¹y|
~q
HTcq{woqx
y|}TQ|uw¯sv07~ﬃ{qkQ^yº»
~s~qx{o|}iÌ
}TQw{
ªvs|y|}o{¹uw{¹oxHTx3{»
x3xR«q{^ym~qìkQ}{^)»Q~q~qx{oT|}3}T

{5®)¤ºî
¦
y {q}3{sy|{^q{^{}®«{o}3
vs|y|}¨
~qxo},y ©
~q~qx3{T}}TQw{~¥uwvsx¹oŁQ
y|vs{x¹y|{o},~¥{ox3°²uwx3ð
s{}¹s{¸yº©Łw{x3}uw)¢

k's{cuwq}®Tx3vq|x3{Vvqq{Vq
}{cq{¨quwqqo{},u
~qyo{¨{oxQy||}®T{Qª£q{o}¹}~ﬃ{RTx{o}Aß

bß·uw¹RT
}vqy}{oDouwvq~qy|
ñ

y{¯uEq{¯s{ðTx
q}3°²{ox3x
q|QTH°¹xT
{ðµx
|{ìk
vs{¯xo}uwyvsTuwïïﬁﬀ Åﬃﬂ "!#"$&%('*)+-,þ
w.Q0/ºªqx
~q|s{{,qoxHq
q},y|{c~kQxT
wx
~qìq{¸îE¢w¢1.®

y{}:~qxuqy|}§q{xTQ~q~¥u
x3:q{«y|
qw{aQTuw}3~qìqx3|vq{a|}}3vq}svuEqoy|{¬q{«Oìq{"Ì TxTQq}~ﬃuwx3
ﬀ?+~«

32Ó_)2´Í´4%(!5%('ﬁ)+-,þa
wê®)b
)+!+#+6!E´('7)fB8%9%('ﬁ)+-,þ¬wwê:/:u
qq{RTo}¡µq{}coy||EÌ
uwy|u
w|{o}c
vÌq{}3}vq}¡q{ym¯Tx3uw~¥u
~k
vq}3{J¤²y|QTuwyuww{}*Í<;

ﬀË=2Ag7ﬁ)
B³ C>$fB8%#þ«w."/
¦
ª
sx|RŁw{o{oqoxHT}¹kQq},ym}{ooTuw­w¢èÙŁ®

y{}V{~¥oxTQvqx{o}cq{}vqx®°5
{{R¸QTuw}~sìqx3|vq{}V°²u
vqxq{}c~kQxVy|{o}
k
y-£}3{}cqv@?«{x{
dvqx3uw~ﬃ{q{5Ëx3oŁE|}3|uwAﬀ oTouwxu
y|uwwvq{VµBﬀDu4
{:{ox{¤?ŁdgËCﬀDﬀ uwvﬁdC?ﬀ
XW
{
QqwymQ|}CE dvqx3uw~¥{
F?«{T{ox^°²uwxﬁﬀ {qvq¢ÌGQqw{

{Qìq{x
W
uwx3{Q}3T}
¦
¢
ït{}}vqy|QTuwq}uw)©
vsx{ ~k
x3RTx
y|}{o}Ł
{Dvqq{ |}}3ŁE¯q{ }vqx®°5
{ u
q}3T
T{
uH
{qs{ s{D½£¢»wê£Ù{}®T|{µ³~kQx3Txq{o}ŁQ
y{vqx3}°²uwvqx3q|{o}~k
xíFBIHG(%|F%('J)+-,K2Íww:/ºªq
q}
q{o}uwqsTuwq}¡quwÌEvq
w{vs}{}{R}T
s}
x3uw}uwyº¢ït{¯x3{y|{o°,»~kQ}o'~qx}{ouw~£T{
¢ït{}
}~ﬃ{RTx3{}¨}3|vsy|},uw¨{q}3vq{¡RT`ouwŁwuwyvq}~k
x^ym°²uwqRT|u
Dq{¸xo~¥u
q}{ﬂß

bß
2ﬃﬂ	)+L4QeMK%R42N%('
%('K)+-,þî
½
½sO/:~¥uwvsx¨uws{qxs{}cquwsq{o}cq{qHŁw{Qv H?¨¢)ït{sxvqH¨q}3xvq{OQyðRT~sx|}¨{
u
~s{c{D\3uwvsT
,vq qxvqH^
y|QTu
|x{P;¸
vs}}{ 
v£'y|vq|kQq{o}¢
uwvs}zŁwuws}Oìquw|}3£s{«u
q}3Tvs{xvsq{k
}3{q{aquwqqo{}x3{~qx3}{oOQŁw{¹©vqs{¹
qqo{{|x3{
¤º2k­)©u
sT{oq|xvq 
y|
uwxHTìq{¡ŁQ
y|
qy|{`Evs{y|y{vq{}3uwy|'~¥ox|uEq{ouwq}qx3{
¦
¢(uwvs}¡Ł
uwq}
{o~¥{oqk
·>suwvq}x{o}3x{qqx3{¹µVvqZ3uwvqx~k
x}
|}3uwQxzy|{auszq{¹
yvqyETx3}z~ﬃuwx3T
s{}
}vqy|QTuwq}¬ìk
vs{¸x3}3uwy|vs|uw'~q
x¹y|{cou£q{cx
|{µx
|{Vs{¸~ﬃ{x3{R,~k
}¹q{}3|vqy{xy{}¹}3~¥{ooTx3{}
~ﬃuwvqx¬vqq{Vwx3|yy|{,uw~qyoT{^q{V~sxuky}«}}vs}«q{VuEqy{}¬uwv¯q{Voy|ðQuwy|u
w|{o}z}vqxaTuwvs{¨yº»
sq{Q¢
ït{}~qxuqy|}^)©u+Quwq{`{oVs{¡T{o~ﬃxQTvsx{¸~¥uwvsx¨y|{o}¡¬
Ö-R
s{}¨uw}q{
ŁE|{xoª¥»ŁExy ªkq{03vs|y|y{o
{o,©uEouwqx{uw
q})RT¸
x3qxT
x{{«Oìquw|}3|}o¢
6 :§8 :G>);g÷&@-ú'ügü·÷$lJ÷·øö©>B=Ál1ú>B=7@Z÷i>Gj õø
g÷&6¨ù£õ"ú¹ø
½.
S8.£¢1.

TVUXWIT2WW Y1W Zﬃ[\Zﬃ]/_^`VU]Y Y6]<a:]KY6Tcb`VY6`Vded0]fZg`HZgTVY6]<]NZa"]ﬁY6TJbh`VYi`4ded0]fZjUG`X^`Okﬃ^[UW¥ml]PaonOL
3
^`Vl:U
Yp]Xk\]Gq"]KC^0Y6]Xk\a:]Y6T­WTOkm]fa"]\aH`Vded>[]Xk\THrT4dsZ
P
VVl+UG]Xk\a4lX+TVlZ_S*]mZtTX^uUAXk
P
Vl:U]Xk\aVl
WTOkSPkv[Y6]bmZjWj`4dwa:]Xk
]q"]/_^uYp]Xk*U]ﬃ^uU[Xkm]duZgT4ZjW YXkmx("_lbNl+dy]Gq"]KC^0Y6]zd{n T|[NZﬃ[Jb`Vdkv]U/O[}TVlJa"]khkXl:kJaVlUG]Y1Wg]Y
P
(`Vd0]XkJ]Nd WY6TVdubS
W Y~k
d>n `VdsZ^TOkc[NZﬃ[K^uUWkJ]db`H_^0Zﬃ]}a"TVdkzbh]NZIZﬃ]XO]UXkXWI`Vda"]zYn TVYOH`VUWjZ2*]vx('TOTVUXWIT2WW Y1W Zﬃ[ 
`"]ded>]}]XkZ
W duaVW¥Nle[]fTVlJa"]XkXkXl:kfa"]fb/+T2¥Nl]<a4W-kNZjUXWÊWlZjWj`Vd>x
ïZŁQ
x|
qy|:{~¥uwx3{yy|{{o}3:x{o~qxo}{{«}3vqx§ymkwvsx{_.£¢1.¡¤²
x®T{}Zqv¸ìk
v£
¦
¢MïZ¹ŁQ
x|
q|y
T{~ﬃuwx{oy|y|{^uH
{qs{¸}3vqx¹{o}AÑ3u
vqx}{o}3^q{
∼
îwî} ~ﬃuwvqx¹y|`uwyuwqq{Vu
OQy|{¨{R
∼
.}%~¥uwvsx
ymouwy|u
qq{¡xuw~ﬃuw}3~qìqx3|vq{Qª{oVymŁQ
x3m
s|y|HTc}3~kQT|
y|{¸uH
{qs{q{
∼
êww ~¥u
vqx¨y|u
y|uwqs{
Tu
T
y|{{R
∼
ÑîwîA ~¥uwvsxcym'uwyuwqq{¡Txu
~¥uw}3~qìqox|vq{Q¢^` ©
~qxo}¡y|¯q|}3vq}3}uw svë~q
xT

xT
~qìs{
w¢YÙ£¢YÙsªk}3vqx¨yº»Qqq{ð¤®Ł3uwvqx^~k
x^uw|}
¦
ªqy|ŁQ
x3m
qy|HT{~¥u
x{yy|{cu4w{sq{`{o}3V~sy|vs/.

∼
î
ê|
~¥uwvsxym`ouwy|u
qq{¨u
O
y{¨{R
∼
ÙB ~ﬃuwvqxy|uwyuwqq{^Txu
~¥uw}3~qìqox|vq{c{R,ym¡ŁQ
x3m
s|y|HT¹}3~kQT|
y|{
u4w{oqq{
∼
Ùw½
Î
 {o
∼
H.
½
ê9¯¢Ís{¡~kQx3T{cq{¸ymŁQ
x|
q|yV
qvq{oy|y{¸{o}3quwq~ﬃ{x3qvq{`{o
q{cTxTŁQ
y|ymQavq{¸}vqx,vqX3uwvqx¹~kQx¹}T
}uw)¢
Ë§uwvqx
y|uwx3{xym¯Q~k
HTs{
qoxT
y|}TST|u
qvZ {RoŁE{xcy{`°²uwx	
w{q{o}x}3vqyTQT}
~k
xq{o},
},}vsx	Ì1x3{~qx3}3{To}ªﬃymk
}3{cq{quwqs{},qu
¹x3{~qx3}{oT{x^q{
q|ox{Vìsuwu
wq{¨y|{}
qÛ¥x3{T{o}¬}3vkQTuwq}zvq{,yº»
ywuwx3Tìs{·q{RŁ£xxT
HT{oxz{~qìk
}3{,uw~¥oxTQ|uwsq{yy|{
¢&Ís{^}3y{o|uw
)©{L£{~qy|{o}cx{~sx}3{OST°²}¯suwqRTx
y|}o{k
q}¨y {}~q
{q{o}c{Tx3{o}¢^u
vq}Łwuwq}c~ﬃuwvqx
{y|ív£T|y|}3³vqq{ 
k
y-£}3{ {o ouw~ﬃuw}
T{}D~qxq~k
y{}'~ﬃuwvqx xsvq|x3{ëy|ís|{q}3|uw q{ {o
{}~q
{Q¢ït{}ouw~ﬃuw}
T{}`~qxq~k
y|{o}¡u
`o'Oìquw|}3|{o}`~ﬃuwvqx`{L£~qx{ox`~qyvq}q{'
½*q{¯ym
Ł
QxmQq{¤²}{ovqy|{o{o,s{v£ouw~¥uw}
T{o}^~ﬃ{x3{R{,q{cx{o~qxo}{o{xÙs¢1.} q{cy|`Ł
QxmQq{
¦
¢
ïZ{o}{R£{o~qy{}u
oT¨}y{RT|u
qq},2k')uwsT{oq|xaym`s|}3xqvsTuwym`~qyvq}«ìsuwu
wq{¨~¥uw}3}qy|{
½ Î
û54ô+ü·õö76^÷76 :õø
gz÷&6ù£õ"ú¹ø >V÷ò@)jªú,8`ú¹ø¨÷
k
s}^yº©{o}~kQ{xoqvq,s{},{Tx3{o}¢
ß1y){}®¨o
y{{¹u
q}{o|y|yV)vsTy|}{x«vqq{k
}3{¡)©
~q~sx{|}}
w{u
~qx3{kQ,sH'°²uw}~qyvq}
)y{T}¸vq{¯y|{qu
qx{q{~k
xTQRTx{o}µ qo{x|s{x92Ó_R´m${Í}Ðþw.H/ ¢^^uwvq}Ł
uwq}qu
q
oy||}k
q}ym'}3y|{oo|uwë~k
xcy{
xT
q­qu
qx{){R£{o~qy{}¸qo{}3}T
x{}ð¤5~sy|vq}q{ﬁÙw½w½
½w½
{R£{o~qy{}V~ﬃuwvqx¨y|{`}3{vqy{q}3{qy{)©
~q~qx3{T}}TQw{
¦
¢tït{quwsx{){R£{o~qy{}couwq}{ox3Ł
}¸
~qx3}
ym}y{RT|u
 ¤
N = 40524
{R£{~qy{}{uwvs
¦
{}3·x3{~qx3}3{T^}vqxy|Zkwvsx{ﬁ.£¢ Î ¢wït{S£|`vq.s{
x{o~qxo}{oTQTuw`©vq`9o{·~ﬃuw|§{}®zq{aêsªMuwx3x{o}~ﬃuwqk
z
v£¡{R£{~qy{}§~¥uwvsx:y{}ÑÏ3uwvsx}zŁ
{
{o,}
q}¹qx3vqT
w{Vs{},y|vq|q
q{o}¢>cvq
}{o«Tuwvq},y{}{Ls{o~sy|{},q{cyº©ìs|}~sìqx3{uwx3'}uw
u
q}{ox3Łwo}¢ït{o}z{R£{~qy{}x3{o|xo}}3uw~qxq~k
y{{§q{}z{L£{~qy|{o}}HTvqo}kQq}zy|{o}:xuw~qvq{}o¢
?¨{}3`{ {7Û¥{o¡ymx
|uwëu´y|¯Ł
QxmQq|yT¸T{o~ﬃuwx{oy|y{{}3`ym~qy|vs}°5Q|qy{k
q}¡y|{uEqoy|{
ªt{R
quwsQy|{{¨ymðx3wuwu³yº©s°²uwxQ|uwu
{vq{k
s}cy {}~q
{q{o}c{Tx3{o}c{}3y|ð~qyvq}
x{oquwqq
T{
¢
S.E¢
Î

K`ﬃWNUG]Paon ]Gq:]/_^uY6]k	^TVUC^`VW dsZa"]VUW YYp]0GL

"$Łyb`Vdkv]UV[XkPa"TVdkﬁY6TWGTOkv]Pa"]<aH`Vdsd0[]Xk
TX^uUAXkkv[Y6]bmZjWj`4dwa:]Xkf]Gq"]/_^uYp]XkﬁU]ﬃ^uU[Xkv]dsZgT4ZjW Yhkvx
ïZðŁ
QxmQq|yTc{~¥uwx3{yy|{`}3vqxcy|{o}c{R£{~qy{}cu
q}qx3}ck
s}¸y|ðk
}3{q{quwqs{}{o}3x{Ì
~qx3}{oT{o}¡}3vqxVy|kwvqx3{B.£¢1.³¤5Qx3T{o}cqv­k
}
¦
¢)ïZðŁQ
x3m
qy|HTcT{o~ﬃuwx{oy|y{¡{o}3{­u4w{sq{q{
∼

Î
 ~¥uwvsxy|ouwy|u
qq{Tu
T
y|{{o+Ù.9 ~¥uwvsxy|ouwy|uwsq{cTxu
~¥uw}3~qìqox|vq{Q¢¦Í^q{¸~k
x3|{¸q{¸ym
ŁQ
x|
qy|¡{o}3¸x{RTx{{o {oqy|{RŁ
Q¸y{}cx{oy|{o°²}ª{~ﬃ{sk
`y{}q}3Tx3|qv£T|u
q}Vq{ym¯ŁQ
x3m
qy|HT
ŁQ
ð{R'
~qx3}}y{RT|u
±}u
¯}||y|
|x3{}o¢zïZëŁQ
x3m
qy|HT¯}3~kQT|
y|{wyuwk
y{{}3ð{éu4w{oqq{
q{Dê.D~¥u
vqx`y|Du
y|uwqs{TuQO
y{{R
Î
ÙED*~ﬃuwvqx¡ymJouwy|uwsq{xuw~ﬃuw}~sìqx3|vq{
¢?«{}`ŁQ
y{vqx3}
}u
ﬃ{
vsuwvq~í~qyvq}|~¥uwx®O
{}vq{ y|{o}Ł
Qy|{vsx}q{'ŁQ
x|
q|y}3vqxy|{}¢Ñ3uwvqx3}ŁQ
}Ì
y|{oo|uw ¤²ðQ|}`~sy|vq}°5
qy|{o}`vq{y|{o}ŁQ
y|{ovqx}s{¯Ł
QxmQq|yT}3vqxvqq{
qs{
yvqy{o}k
q}y{
~k
x
wx
~qìq{w¢èÙs¢èÙ
¦
¢
ïZ~kwvsx{P.E¢,x{~sx}3{T{cy|¸x3~kQx3THTuws{}{Ls{o~sy|{}ak
q}ay {}3~k
{q{}a}uwx®T{}c¤²uwyuwqq{o}
)uQu
q{
¦
ª
{ozuwx{vq{¹y|¨k
}3{q{¹quwsq{o})©{o}3·~kQ}Tuwv£·µ¨°5
:ìquwuwwoq{«q
q}{R{}3~k
o{
¢
ït{}VŁQ
y{vqx3}c~k
x3|ovqy|x{o{oV°²uwx3{}cuwv³°5
qy|{o}V}u
¸{o {"Û{R¡ﬃ{Qvquwvs~ uw|s}Vquwsx{vs}{}o¢
ït{*Z
vqxqu
q¡o{x®O
q{{^~qy|vs}q{¸q-ovqy}^µ|Łw{ox}{ox¨o{}¨
}^{RETxX{}¤
CT < 260
`cÍ¼{o
CT > 360
`cÍ¼{RÓQuwv
Ctropo < 10
`cÍ¼{R
Ctropo > 35
`cÍ
¦
¢
ïZq-ovqy«)uws{qx:vsq{«x3{~qx3}{oOQ|uwu
O
y{{§ìquwuwwoq{«q{RŁExT
Hy|T{oxtym,
~qEÌ
HT^q{Vwoqx
y|}TQ|uwq{¨y ©
y|wu
xìq{
¢`¡»
v£Tx{¨~k
x3ª£yº©v£T|y|}QTuw){R£{~qy|{o}«}3|vqy}oª£qu
q
}u
vq}¹µy |s{x®THTvqq{¨}vqx¹y{}¹u£qoy|{o}vsTy|}}«~¥uwvsx¹qox|x3{cy oTQ,Quw}3~qìqox|vq{Qªq~ﬃuwvqxx

6 :§8 :G>);g÷&@-ú'ügü·÷$lJ÷·øö©>B=Ál1ú>B=7@Z÷i>Gj õø
g÷&6¨ù£õ"ú¹ø
½E
200 300 400 500 600 700 800
0
2000
4000
6000
8000
10000
12000
Colonne totale (DU)
0 20 40 60 80 100 120 140
0
2000
4000
6000
8000
10000
Colonne troposphérique (DU)
N
om
br
e 
d’
él
ém
en
ts
 d
an
s 
la
 d
as
e 
de
 d
on
né
es
S8.£¢_

K`H~WU]Pan ]Gq"]/_^uYp]Xkfa:]KY6T-WGTOkv]<a"]<aH`Vded>[]P]dYN`4dubmZjWI`Vd|a:]XkRrTVYp]l+Uhkfa:]<b`VY6`Vded0]XkfZg`4ZgTVYp]Xk
]mZZjUG`X^`Okﬃ^[UW¥ml]XkPanML
3
x

y{{q|
|}3{xcy|{o}x}3vqyTQT}{R
q}y|{x¨y{}~ﬃ{x3°²u
x
q{o}q{y |Łw{ox}uw)¢^d´~q
x3Ì
vqy|{xoªky|{¸uEqoy|{zﬀª+«

¼RO
¨qks:}3vqxVvqq{¡wxy|y{
2.8◦ × 2.8◦
{RVy|{o}oy|ðQuwy|u
w|{o}}vqx
vqq{wx3|yy|{
2.5◦ × 2.5◦
ªy{}¨~sxuky}V)uQu
q{qoqvq}c}{oxuwV°²uwx®T{o{oVy||}3}o}V~k
xxT
~q~ﬃuwx®µðym
xQy|
¢
?«{o~¥{oqk
ªsymVŁQ
x3m
qy|HTx3{~qx3}{oT{¨k
q}aymk
}{q{^quwqqo{}a{}3«}v0}
{«|~¥uwxiÌ
O
T{¬~ﬃuwvqx§~¥{ox{ox{¬q{«ﬃuwq}§xo}vqyHOQ}ªSuw{¬suwvq}§y|{¬uwx{x3uwq}§~k
x§ym,}vqHT{¨¤5}3{o|uw}.£¢i.
{o,Oìk
~sTx3{
Î
¦
¢
[
¼Ê»0¼ù ³rZÂ&ÒfÕ9ÇXÉÊÂ&ÓZÓ)ÎÕQÃÄfÅmÒÒÂ$ü&ÕþÇZÀ ÎÆQÒfÕQÂ&À Ç)ÕÃ)ÕQÀZÎÌ&Ã)ÕQÒ
Í^í
~q~qx3{T}}TQw{'}vq~ﬃ{x®ŁE|}'{o}3vs|y|}~¥u
vqxym
y|qxTST|u
 q{'yº»Qy|wuwx3ìq{Q¢ZïZ~qìk
}3{
)»Q~q~qx{oT|}3}T

{Douwq}}3{DQy|uwx3}µ \3vs}3T{oxy{}~k
x
oTx3{}qvZ q{}3uwx3{Dvq{ ym³}u
x3T{
cˆ

yvqy{~k
x,y|{*0}3uw^{o
ouwx3Łw{o`ym}u
x3T{
c
qo}x{¯¤5ROQ^xo{y
¦
~ﬃuwvqx,y|{o}oy|o{o}s{
ymk
}3{)»Q~q~qx{oT|}3}T

{
¢
Í^ Qy|wuwx3ìq{Dq{­q{}3{o{´q{­wx
q{}3u£OìkQ}3Tvq{ ~ﬃ{x3{Rym |q}TQ|uwíq{­ym
°²uwqo|uwëq{us
C(W)
vq¬
x
ox}{ym qÛ¥x3{qo{vk
sxTQ|vq{ð{oTx{}uwx®T{
y|ovqy|o{{R
}uwx®T|{cs}xo{ð¤NŁgr,<~q
xT

xT
~qìs{¸î£¢AîE¢YÙ
¦
ñ
C(W) = ||c− cˆ||2
¤.£¢©
¦
ï§,QTx3|{
W
q{¬~k
xTQRTx{o}:sv}Z¸ªM|qHTmQy||}3{Ł
{«s{}:ŁQ
y{vqx3}Qy|STuwx{}ZkQq}vq¡~qx{o{x
T{~q}oªE{o}3«uEqcq{^
~qx3}¬Oìk
vq{V~qx3}3{OQ|uwð)©vsð{R£{o~qy{
i
q{^ymk
}{)©
~q~qx3{T}}TQw{`ñ
Wi = Wi−1 − η∇(Ci)
¤.£¢H½
¦
u
η
{}®y{^T
v£)©
~q~qx3{T}}
w{Q¢eß1y<quwH_RTx3{¨Oìquw}¥Łw{¨}uwðq¯)©
oq{ox¹µ¡vqq|`vq
wy|uwq
yas{'ymD°²uwsoTuw q{'ous2A_R´m${Í}Ðþ^w."/ ¢ït{¯wxTQq|{o
∇(Ci)
q{'ymJ°²u
qo|uw s{'us
~¥uwvsx¹y {R£{~qy|{
i
{o}3{}®T|c~k
x¹x3oxuw~qx3uw~k
wQTuw)¢
ïoŁ
uwy|vs|uwq{¬y ©
~q~sx{|}}
w{·{}®§}vqHŁ£{¬Ł
{aymuH
{qs{«vk
qxQTvq{
E
s{ay|qÛ¥x3{qo{
{Tx3{`}u
x3T{¡
y|ovqy|o{{oV}3uwx3|{qo}|x3{¡~¥uwvsxy{}
N
{Ls{o~sy|{}q{}{q}3{sy|{})©
~q~qx3{T}}TQw{
½wê
û54ô+ü·õö76^÷76 :õø
gz÷&6ù£õ"ú¹ø >V÷ò@)jªú,8`ú¹ø¨÷
)vqq{~k
x®,{o^q{cŁQ
y|kQ|uw¯»
v£Tx{c~q
x3¸ñ
E =
√√√√ 1
N
N∑
i=1
||c− cˆ||2
¤.E¢w
¦
ï©v£T|y|}QTuw©vq{oq}{oqy|{cs{VŁ
Qy||qQTuwsuw|qoy|vq}q
q}¹y {s}{`qy|{V»
~s~qx{o|}3}T
w{c~ﬃ{xiÌ
{o^)oŁE{x¨y{¡~sìqqu
oq{`q{¡}vqxiÌ
~s~qx{o|}3}T
w{¡~k
x,ŁQ
y|kQTuw'x3uw|}3{2Ó_R´m${Í}Ðþzw.H/·ñﬃ}3
y {x3x{ovqxa{o}3|{¨}3vqxyº©{oq}{oqy|{^)©
~q~qx3{T}}
w{VouwT|vq{¨q{¨qvq{xa
y|u
x}¬Evs{Vy {x3x{vsx«{}iÌ
To{a}3vqxyº©{oq}{oqy{«q{«ŁQ
y|kST|u
¡Qvqw{T{QªQy|Q~k
HTaq{«woqx
y|}TQ|uw¸qv}0&s||vq{
¢
dJ~qxQTvq{
ªﬃy ©
~q~qx3{T}}
w{¸{}3¨}3uw~q~ﬃ¡yuwx}3Evs{`y {x3x{ovqx{o}3|{¸}vqxy {q}3{qy{¡s{¡ŁQ
y|kEÌ
Tuw¯o{}}3{¡s{cq||vq{oxq{c
q|ox{V}3|wsckQTHŁw{¤
E
q|`vq
¦
ªEŁQ
,y{V}vqxiÌ
~s~qx{o|}3}T
w{Q¢
ïZ kwvsx{P.E¢»ê`uwTx3{¨y|`uwŁ
{x
{qo{Ł
{x3}¹y|{^q|vs )©{oxx3{vqx¹Qv¯uwvsx}q{¨y ©
~q~qx3{T}}TQw{
qv&0 u
~¥oxTQ|uwqs{yc¤²u
x~ﬃuwvqxymx3{}®TvsTuw/q{}ouwy|uwsq{}vqqvq{{
¦
¢·ïZ­ouwŁw{ox	Ì
w{oq{}{°5
Hµvq xhTìq{~qy|vs}¸u
vëuwq}cxT
~s|q{}3{y|u
ëy|¯qovqyqv ~sxuwqy{
¢Qdyy|{{o}3
~k
x`{R£{~qy|{ð¥{
vqu
vq~/uwq}`x
~qq{¯~ﬃuwvqx
C6
vq{'~ﬃuwvqx
CT
~ﬃuwvqx`ym
vq{oy|y|{ymDŁQ
x3m
s|y|HT
k
s}ymJq
}{'q{'suwqqo{}{}®~qy|vq}¡°5
|qy{
¢t?«{~ﬃ{sk
ªvq/|qvqwyuwk
y·{o}3Q3T{
v
ﬃuwvs,)vq {x®O
quwqx3{c)ToxTQ|uws}¢
0 500 1000 1500 2000 2500 3000 3500
10
20
30
0 500 1000 1500 2000 2500 3000 3500
0
200
400
600
0 500 1000 1500 2000 2500 3000 3500
0
1000
2000
0 500 1000 1500 2000 2500 3000 3500
0
5000
10000
Nombre d’iterations
E
C6 
C12 
C16 
CT 
S>.E¢»ê
9
r`4Y~lZjWj`4d9a"]Y6T
`"]ded0]R¥NlT"aVU7THZjW¥Nle]
E
a"]Y6TPaVW _[UG]Ndubh]<]dsZjU]_kN`4UZjWg]bTVY6bNl+Y6[h]f]mZ8kN`VUNZjWI]
a"[XkWU[]	^`4l:UKYp]Xk
N
]Gq"]KC^0Y6]Xk<a"]ﬁYGn ]dkv]/~WY6]fan TX^H^0UG]duZjW-kXkNT"](x
3
ymXkJs{¸y|~qìk
}3{¡)©
~q~sx{|}}
w{Qª¥y|Qx|o{
W
{}®Zs£o{
¢V`¨Û¥x3{T{o}¨
x3Oìq{RTvqx3{}
}u
¡oŁQ
yvq{o}`}3vqx¡yº©{oq}{oqy{q{T{o}3`k q{Oìquw}x¸y| ~sy|vq}¡
k
~£T{ð
v´~sxuwqy{oTvsq|Q¢
`V
s}y{c
}^q{¸quw}^oTvsq{}oªﬃy{}^~k
x
RTx3{},q{}
x3Oìq{ovqx{o}Oìsuw|}3|{}^}u
^x3}vso}¨k
s}y{
OQqy|{
v.£¢Hw¢
Íq{°²uw|}¸y ©
x3Oìq{ovqx{qo{x3q{Qª:y| ~qìq
}{¯u
~¥oxTQ|uwqs{y|y{~¥{ovsqoðQxx{ox¢:ïZD~qìkQ}{
)©
~q~qx3{T}}
w{¬qo{}}3{avq¡y|uwsT{~q}§q{·
yvqyµ,Qvq}{¬qv¸~qxuE{o}}vs}q{¬q||}QTuw)¢LïZ
~qìkQ}{,uw~ﬃxTST|u
qq{yy|{QªQvq<u
q}}3T{,}3|~qy|{o{oz{q{}·Qy|vsy|}·
ywqx3|vq{o}ªw{o}3¬{RETxX{{
xTQ~q|q{¤²u
|q}}{ouwsq{¡~q
x,}~ﬃ{ox{
¦
¢
6 :Í6E:8ûô)6^ô3û^ö7;&6,õ®ù£ô¨ö§õ"ú¹ø >V÷¬ùõø
gz÷&6ù£õ"ú¹øVù ÷Vö ôVø^ô@ùs÷ò>V÷i@)j ÷&6Z6^÷~=76
½w
=ú= ¹¨qx*q¸aþ^{Łxßr ^qþZßRû¡ý tBuK ±ßoýp­uŁx tßRû`ýA iuþiq¸ýﬁq~rv| Qu tBuhr wuŁx7x7uRsºx
?«{R{¸~q
x3|{c~ﬃuwvqx¹qvs,s{°²u
vqxqxvqq{RŁ
Qy|vkQ|uwðuw~qy|RT{Vs{},~¥{ox3°²uwx3ðQq{o}¹{o^q{cym
~qxo|}3|uw's{¡yº©Ł
{x3}|u
)ªsqo{o}}TQ|x{¸~ﬃuwvqx¹vqq{¸vs|y|}TQ|uwuw~s|
y|{q{},quwsq{o}x3{}3vq{o}¢
Í^q{ovqq{q{}{oq}q|yT¨{}3,uwvs^)©
¥u
xx
y|}{2kq{
x
ox}{ox^y{}¹vk
To},|Ì
Łw{x3}o{}ªQ{o:
q}oŁQ
yvq{xZy{}Z
~q
HT}§qv¸}XE}3{«)uwq}3{x®Ł
ST|u
¯¤²
{}3	ÌµEÌq|x3{·q{ayº©q}3xvq{
{os{Vy ©
y|
uwxHTìq{¹q{¨xT
HT{{aq{}«{o}vqx3{},
}3}uE|
¦
¢0?«{o3T{covqq{Vouw~qy|RT{¨y{}aoTvsq{}¹q{
}{s}|s|y|HT^~qxoy|k
|x3{}~qx3}3{To{},k
q}¹y{¨OìkQ~qx{V~qx3oq{o¢?«{yy|{o}	Ì1ouw¹~ﬃ{x3}as{VŁw"Ì
xcq{x,ym}{oq}q|ycq{}^}~ﬃ{RTx{o}¨{}3vqxo}V
v£ s{v£ ~qx3|qo|~kQy|{}¹x3wuwq}QTuw}3~qìqx3|vq{o}^vq
quwvq}Tx3{}3}{^~ﬃuwvqxyº©RTvqq{¨q{Vy uQouwq{ñ£ym`}®TxTSTuw}3~qìqx3{c{o,y|¸Tx3uw~ﬃuw}~qìsx{Q¢dy|y{}uw¹oEÌ
y|{{¹|}«{ oŁE|q{oq{y|x}3uwy|v£T|u
¯Łw{x®T
y{cy||{^q{y |q}®Tx3vq{oªs{o}3|{µê

½Ø
~¥uwvsx¹y uQuws{
¢
`¨
q}y{
}q{y |Łw{ox}uwð©vqs{Vuwyuwqq{|Towxo{
ªEym¸}{s}|s|y|HT,q{y |q}®Txvs{oaqo~¥{oq

y{{°²uwx®T{{q{ y ©
yvqq{¯{Rðo{o{Ds~ﬃ{qkQq{D~¥{ovs{Tx1mq{oxs{°²u
x3T{o}{oxx3{vqx3}
}XE}3QTEvs{}¢¦Ísm
}}3vqxVy oŁQ
yvkQ|uwq{¡ymouwy|u
qq{¡u
OQy|{¸)©u+Quwq{µ~k
x®Tx)vq³
k
y
}~ﬃ{oxT
y¬q{ymDq
qq{
ν3
)©
q}3uwx~s|uw q{ðyº©u+Quwq{¤ºs¢_
µm ¦
DRT¯|}{ooŁE|q{oq{ð~k
x¸y|{}
oTvsq{}s{N"!fB%('ﬁJ)mŁm${%|B2©î
½w½Ù:/¬~¥uwvsx¡yº©q}3xvq{z0+Rèbﬃª:{Rquwvs}u
x{oxuwq}¡k
q}
{o3T{c~kQx3T{¤5~q
xT

xT
~qìs{
.£¢1.£¢Aî
¦
v)©vsq{|qo{x3vqq{Vx3{ymSTŁ
{{¹~ﬃuwx3T
T{{}3^xuEqvqHT{
k
q},quw},Ł
{x3}|u
q},q{},}~ﬃ{RTx3{}^ß ß

bßa~k
x¹{R{¡qo~¥{oqk
s{Łw{x®T
y{cq{ym}{oq}q|yTQ¢
`¨
q}¨o{o3T{~kQx3T{
ªkqu
vq}¨vs|y|}u
q},y|{¸9o{c°²uwx3ð
y|}3{cvq{¡~¥uwvsxyº©Ł
{x3}|u
J)vq~qx3uky
¤5 ¢{
¢
y|ovqyq{o}§°²uwsoTuwq}Zq{¬~¥u
|q}tuwvX w
u
q|{oq}
K
ªqv¡
|q{¬y |Ł
{x}3|uw
G
{o§q{o}qu4Qv£
A

}}3u£o|}
¦
ª£ð
}
~s~qy|EvsVµy |Ł
{x}3|uwðq{}¹ouwy|uwsq{}{"Û{oovq{wx/µ
{cµ¡y ©
y|wu
xìq{^s{vqx3uwk
y
qoŁ
{y|u
~q~¥Q¢
ït{'qHŁw{
v/q{~¥{ox3°²uwx3ð
s{'Q3T{o|{oy|~qxo}|u
/Q{qqvs{ }3uwoTvsq|o}
|q}3«vq{ym
~¥uw}3}q|yT¹©vs|y|}{oxay{}aq{v£¯y|vq|q
q{o}aŁw{x3}o{}¹~ﬃuwvqxa{}®T{x¹y|¡ouwq}}3T
q{¨|T{oxq{q{Vym
RTìquEq{c)|Łw{ox}3|uw)¢
[
¼
[
¼¾ ŁÕQÃ)ÒÅ¢ßÅAýAÅ¢ÄfÆ Ç)À ÒeÒ Äu^ÐÑÕ9ÇXÉÊÌ&ß)ÒfÕÔÎ

Â5ÄfÅAÌ&Ã
ïZV}3{q}3|qy|«qv}h£}®To{,)uwq}3{x3ŁQQ|uwouw~qy|{R^¤5q}3xvq{{R¬
y|wu
xìq{
¦
{}3·suwqqo{
~k
x¹ymQx|o{cq{},qu4w
v£
A
¤²°²uwqRTuwq}¹q{y|}}
w{cuwvy)++%|X)4#fBs#B%|LB8%(_´a{D
qwy|
|}
¦
¢
^uwvq}Łwuwq}Ł£vDk
q}ym}{ooTuw³îE¢Aî£¢H`vq{¡y |Łw{ox}3|uw ~¥{ovs\oTx3{`y|q
x}{q{¸ym
q|ox{
}vqHŁ
Q{B2§²KI³4#s%|K´#þtî
½w½w½:/zñ
xˆ = xa + A(x− xa) + Gyεy
= (In −A)xa + Ax + Gyεy
¤.£¢HMî
¦
uJy|QTx3|o{
A
x3{~qx3}3{T{y|}3{q}3|qy|cq{`yº©Łw{x3}uwµy oOS¨x3{y§{o¨
x
ox3|}{¡quwq¡y|{
}XE}3{¸©uws}{x®ŁQQTuw ñ
A = Gy Kx =
∂xˆ
∂x
¤.£¢HÙ
¦
`V
q}¸y|{
}¸q{y |Łw{ox}uwë)©vs ~qxuky·}vqx
n
qHŁw{
v£ Quw}3~qìqox|vq{o}`)vqq{ŁQ
x|
qy|{
u&Ì
~qì£}3|vq{Qª
A
{o}3^vqq{QTx3|{q{q|{s}|u

n× n
ªq{o,~ﬃuwvqx¹vqs{¸Łw{x3}uw|q
y|{Qª
A
{}3,vsq{
ðQx{Vq{THT
In
¢
`¨
q}VquQTx{¸Q}ªvsq{`QTx3|o{¡oEvsŁQ
y|{oT{¡µ
A
~ﬃ{vsfoTx3{vs|y|}o{¸~ﬃuwvqx^QxT
RTx3|}3{x¨yº©Ì
Łw{x3}uw³q{u
y|uwqs{}¤º2k³q{vk
Tak{x¨y|{vsxV~qxukyq{}3{q}3|qy|HT
¦
¢?¨{}®¸
y|u
x}¨vsq{ðSTx{
w½
û54ô+ü·õö76^÷76 :õø
gz÷&6ù£õ"ú¹ø >V÷ò@)jªú,8`ú¹ø¨÷
nc×n
¢Ë:uwvsx«vqq{^|Ł
{x}3|uw|q
y|{Qª
A
{o}3«
y{^µ
C
ªy uw~ﬃxTST{vsx¬ouwy|u
qq{
¢ ^uwvq}aŁwuwq}«
y|u
x},ñ
cˆ = C xˆ = Cxa + A(x− xa) + Gyεy
= (C−A)xa + Ax + Gyεy
¤.E¢Ñ
¦
Łw{o¡
|{k

A = Gy Kx =
∂cˆ
∂x
¤.E¢H.
¦
{o
Gy =
∂cˆ
∂y
¤.E¢ Î
¦
y|{o}¨°²uwqRTuwq}cq{Q|³q{yº»
ywuwx3Tìs{¤5{oqu
x{
~q~ﬃ{y{}V°²u
qo|uwq}cs{uwTx3|qv£T|u

¦
vqzEÌ
xTQoTox}{cy|ð}{oq}q|y`q{yº©Ł
{x3}|u
³
v£y|vq|kQq{o}¨){Tx3{Q¢^`¨{ymð5{
qx{Qª¥y|
}{oq}q|y¨q{y |Ł
{x}3|uw 
vE'T{o~ﬃxQTvqx3{},){Tx3{¸{}®suwqqo{¡~kQxcñ
Gb =
∂cˆ
∂bˆ
¤.E¢\
¦
b£kquwvs}aouwq}qx3uwq}·vq{^y oOS
x
{}®¬y|{,~qxukykq{^uwqo{TxQTuwq{,y _+
3
ª
y|uwx3}y uw~ﬃxTST{vsx
u
y|uwqs{
C
~ﬃ{vs\ox{¡x{~sx}3{T`~k
x¨vsq{¡}3|~qy|{wxQTuw q|}3xRT{¡}vqx^y|{o}qHŁw{
v£ Łw{ox3T Ì
Qv£¯sv'~qxuqy
x
ª£{Tx3{Vy|{o}q{vE'qHŁw{Qv£¯y|{}·q{Vyº©wxQTuw)¢\ß1oy|{o}u
y|uwqs{}~kQx3T{yy|{}
}u
¸
y|ovqy|o{}c{x{ym¯}vsx3°5
o{{R¸y|{qHŁw{Qv
n ê Ô
¤5o
yµ
Î
ªî'u
ví
Î
Ø*»
yHTHTvqq{Qª)uwvëµ
y ©
yHTvqq{q{ym`Tx3uw~ﬃuw~k
vq}3{
¦
ñ
Cn j =
n j∑
i=1
xi∆zi = ∆z
n j x
¤.E¢ê
¦
Łw{o
∆z
y Oìk
|y|yuwqkQw{cŁw{x®T
y:qv³~qxuky{R
n ê Ô
y|{¡qŁ
{
vS£|`vq q{y |wxQTuw)¢
ïZ¨u
y|uwqs{«{}®woqx
y|{o{o{R£~qx3|{{ouwyovqy|{o}#ÓQo
2
uwv{vsq}Ï`¨u
q}uw~ﬃuwvqx:y uQu
q{
¤®~`cÍ+Òî£¢
Î
½
16
uwyovqy|{o}#ÓQo
2
¦
¢Ë:u
vqx¹vq ~qxuqytq{uwqo{TxQTuw)uQuws{¸skq)uwvq},y|{o}
Ø|yuwRTx3{}^{oc{Ls~sx|{o³uwyovqy|{o}#ÓQo
3
ª
∆z
{}®¸
y|u
x}¨vsŁw{RT{ovqxcquwy|{o}¨oy|{}V}uw
w
v£`µ`½
5
3vq}v)©µ
n ê Ô
{Rzvqy|}
vÌq{y|µ¤5y|~qvs|}}
qo{q{«sH¡uwx3x{o}~ﬃuwqk
zµ¨ym^uwŁw{ox}3|uw
{x{jØ¼{Ro
¦
¢`¨
q}y|^}3vq{
ªMquwvs}quwvs}:~qy|
{oxuws}:kQq}o{a
}ªQŁw{
C = {∆zn j , n ê Ô =
1, ..., nc}
¢
Ë:uwvsx^o{o3T{
x
ox3|}TST|u
)ªsyº©ROQ,q{yº»Qu
}~qìqox{¤²~qxuky|}¹q{~qx3{}3}|u
)ªkq{cT{o~ﬃxQTvqx3{
{o¬)_+
3 ¦
quwH·quwqﬁox{^uwqv)¢EïoTvsq{s{^~ﬃuwvsŁQ
_ox{,{oq{^}vsx¬Oìq
vqðq{}¬{R£{~qy{}¬q{
y {s}{`qy|{¡)»Q~q~qx{oT|}3}T

{qvZ¸ªqu
vq}cŁwuws}cOìquw|}3q{`uwq}3|qox{oxª)§{qouwx{Qª)y {R£{~qy{
q{y ©Quw}3~qìqox{V}®O
qq
xÍb³E
Î
¤kwvqx3{ÊÑq¢
¦
¢ÐË§uwvqx,{R¨{Ls{o~sy|{
ªsy {xx3{vqx¹©Ł
{x3}|u
D{o}3
q{Ñ*¼~ﬃuwvqx
C6
ªwî<~ﬃuwvqx
C12
ªsw¢1.P¼~¥uwvsx
C16
ª+.P ~ﬃuwvqx
CT
{o¬î
î<~ﬃuwvqx
Ctropo
¢?«{RT{
q{oxqx{{x3x{vsx{}®~qy|vs}`|~ﬃuwx3T
T{{oy|y|vs}3Tx3{ymDsvqyHTq{¯y ©
ywuwxHTìq{µJsoT{ox|q{ox
y ©
yHTvqq{q{ym`Tx3uw~ﬃuw~k
vq}3{
¢
¯
ÝfÜ(ØHåÊä*åóåÊæﬃçﬁÙ^Ý óAÚaåTÜ(Øæﬃá2Û(ÞíÝÜVæ
?«{o3T{,}{oq}q|yT«Vo¹oTvsq|o{¹{qoT
|y£k
q}y{Oìk
~qHTx3{'Ñq¢ïZVðSTx{
Kx

xT
RTox|}

ym}{oq}q|ys{}`yvq|k
s{}¸){Tx3{'µ y _+
3
DRTð
y|ovqy|o{{o vs|y|}T
¸vqq{RTìquEq{q{
~ﬃ{x3vqxqQTuw'qv ~qxuqytq{uwqo{TxQTuw)_+
3
ñ
Kx =
∂y
∂x
∼
∆y
∆x
¤.E¢
¦
ït{},xo}vqyHOQ}¹uws{vq}^}uw^{R£~ﬃuw}o}¨k
s}^y|~k
x®T|{ÊÑs¢w¢
6 :Í6E:8ûô)6^ô3û^ö7;&6,õ®ù£ô¨ö§õ"ú¹ø >V÷¬ùõø
gz÷&6ù£õ"ú¹øVù ÷Vö ôVø^ô@ùs÷ò>V÷i@)j ÷&6Z6^÷~=76
ww
0
0.5
1
r 1
G
T
s
T
y
0
0.5
1
r 2
−1
0
1
2
C0
6
−1
0
1
2
C1
2
−1
0
1
2
C1
6
−1
0
1
2
CT
Ts ... T ... ... y ...
S+.£¢©

#`4dubmZjWI`Vdka:]QHTVW d
G
du`4U
TVY1W-kv[]XkbTVUGTHbmZﬃ[UW-kmTVdsZYiTkv]dkWWW Y1W Zﬃ[a:]Xkkm`VUZjWg]Xka"]Yn T4Y H`4UXWjZ2*]
`^[UGT4ZjWj`4ded0]YoT4lVqcaVW _[U]dsZ k^T4U7TH~NZjU]Xkfaon ]duZjUG[](x
¯
ÝÜ(ØHåä7åóTåæﬃçﬁÙ^Ý ómÚ ×óÊìFâFáåæH(ÞíÝﬁÙ&ÚcåÜ¥Ý á2ØHåâÜ
ït{o}°²uwqo|uws}q{c

G
~ﬃ{vsŁ
{¨ooTx3{c
yvqy{o}¹q{cðQq|ox{VQk
y|vq{V~ﬃuwvqx¹OìkQEvs{
|Łw{ox}uw ~k
xqx3ŁQQ|uwés{ym °²u
qo|uwés{JTx
q}3°²{ox3'
y|uwkQy|{ qv Z¶¤5vkST|u
¡.£¢,
¦
~k
x
xT
~q~ﬃuwx®¬
v£{x{o}
y
{o
bˆ
¢
Gy
{o}3avqq{^ðSTx{
nc×m
ªuOìk
vq{y|o{o
Gp,iy = ∂cˆp/∂yi
uwx3x{}3~¥u
q­µ¯ymðouwTx3|qvs|uwJ)©vsq{{ox3T
|q{`{Tx3{
yi
µ¯y |Łw{ox}uwq{y|ouwy|uwsq{
cˆp
ª)Łw{o
i = 1, ..., m
{o
p = 1, ..., nc
¤²q{ym5{VðQq|ox{
ª
Gbˆ
{}3^vqs{¸Qx|o{
nc × l ¦
¢
ïZ´°²uwsoTuw±s{TxTQq}3°²{ox3'wyuwk
y{Dsv Z {o}3vqs{J°²uwqRT|u
équwÌy|q
x{Q¢bE{}'qoxŁ
{o}

x
ox}{osuwqq{}}3{q}3|qy|}suwÌ1y|q
|x3{}¡{Tx3{Dy{}ŁQ
x|
qy{}){x{{Rs{ }3uwx3|{
21¢)N%Í´D%('J)+-,þ^î
½
½sO/º¢·ïZ{o}qwvqx{o}w.£¢©­{o|.£¢½ëx3{~qx3}{oT{'y{}°²uwqRTuwq}q{ 
|/uw£T{vq{o}
~¥uwvsx«y ©Quw}3~qìqox{¨}®O
sk
x;Í)bDE
Î
ª£suwx
y|}o{}¬~k
x«y|`qRŁ£|QTuwð}®O
sk
x's{}«ŁQ
x3m
qy{}
¤5Qy|vsy|{}vqxvsí
xT
q{oq}{oqy{'q{¯}vqy|QTuwq}
¦
ª
Gy = (∂cˆ/∂y) × (σ(y)/σ(cˆ))
ªo{'vq
~¥{ox{oymouw~k
xTQ|}u
Dq{o}Vu
xqvsTuwq}^q{¡ŁQ
x3m
sy|{}^q{¸Ł
QxmQq|yTo}¹qÛ¥x3{T{o}c2~¢)N%Í´9%('
)+-,þZî
½
½sO/º¢
ït{o}¡°²uwqRTuwq}uws{vq{}`}uw¡qy|{o}¡µ |T{ox~qx3o{x¸ð
}Evs{y|vq{o}`
xT
RTox|}®TEvs{}`sv
uw~¥u
x3T{o{o·q{yº»Qy|wuwx3ìq{ax{o}}u
x3T{o{o~¥{oqk
¢u§uwvs¬)©
ﬃuwx)ªy|}3{q}3|qy|HT,µymVT{o¢Ì
~¥oxTQvqx{¹q{¹}3vqx3°5Q{,{}®a~ﬃuwx®O
T{a~¥u
vqxzTuwv£T{}·y{}zŁQ
x|
qy{}Łw{x3}o{}¢£ït{}·y|vsk
qo{}:{}®
|Łw{ox}o{}c}3{qy{cx3{ymSTŁ
{{uwq}^}{s}|sy|{}V
v£Jy|vq|kQq{o}{oxo{}cvq{y{}¨ouwy|u
qq{}
),+
3
¢£ït{vqxa}{oq}q|yTµ¡y|¸{~¥oxTQvqx{q{¨}3vqx3°5
o{V{}®Tx3}aquw|k
{¤
>
½¸°²uw}«~qyvq}·°²uwx3{
Evs{`y|{ovqx^}{s}|s|y|HT¸
v£J
v£Tx{o}¨{oxo{}
¦
¢)ïZð}3{q}3|qy|cq{}¨uwyuwqq{o}¨
vEJyvq|k
s{}^){Ì
wMî
û54ô+ü·õö76^÷76 :õø
gz÷&6ù£õ"ú¹ø >V÷ò@)jªú,8`ú¹ø¨÷
0
0.5
1
y 1
 
 
 
G
T
s
T
y
0
0.5
1
r 2
 
 
 
0
2
4
Ct
ro
po
Ts ... T ... ... r ...
SC.£¢H½

|£/*]Bb/`Okm]
¥Nle]}Y6TDV4l:U]£"x
ﬂ
PT4W-kﬁ^`Vl+U}YGn TVYOH`VUW Z2*]¥¤¦ZjU7`^`Okg^f[UW¥Nle]u¤
W d O]UXkNT4dsZ
Ctropo
x
Tx3{,{}®~qyvq}·|~¥u
x3OQ{
ªw{oð~kQx3Tvqy|{oxz~¥u
vqx
Ctropo
ª
C6
{o
C12
¢ït{o}«u
y|uwqs{}
Ctropo
ª
C6
{o
CT
}3uw¨o
y{{Tx3}^}{oq}qy|{o}Qv£'T{o~ﬃxQTvsx{},){x{Q¢
ﬀ{}3sy|{o}zqÛox{{}ŁQ
x3m
qy{}:}uwzx}}{s}|sy|{}·µym^{~¥oxTQvqx{«q{}vsx3°5
o{°²uwvqxs|{
ª
ymu
~kQxT
}uwëq{¯yº©Ł
{x3}|u
´~k
xz0 Łw{o¯)©
vsTx3{}oìquEq{}¡)©Łw{x3}uw)ª§xQy||}3{~¥u
vqx
y|{?+§2ﬃﬂ %|oGm)+!+¨%('c)+-,þ,î
½w½î"/ºªëuwxvq{Dyº©~q
os{Dy|³{~¥oxTQvqx{q{ }vsx3°5
o{D{o}3
°²uwx®T{{,|q}^~k
x,y vs|y|}TQ|uwq{y|vsk
qo{}qÛox{o|{oy|y|{o}{ {x{Q¢
ïZ`°²uwx3{c}{s}|s|y|HT^q{},yvqk
qo{}«{}®,|Łw{ox}o{}µym`{~¥oxTQvqx{Vs{c}vqx®°5
{~ﬃuwvqxx

)©
vsx{V~kQx3¹~qx3uŁw{s|x¹qv'°5
Hvq{cq{o}^yvq|k
s{}aqÛ¥x3{T{yy|{}a}uw,ouwq}qx3{o}^{o{Tx3{
qv©0 ¤5}u
vq}3xT
HT{}`µJym y|wq{q{ðq
}{¯sv uwx3~q}wx3|}
¦

yuwx}vq{¯s{}yvqk
qo{}¡
q}3uwy|vq{o}
quwHŁw{oﬁRTx{x3{}3vq{o}¢
ï©vs|y|}TST|u
¸©vqQ|qu
x
y|}¬~¥uwvsxymx{~sx}3{OST|u
~sy||vq{¬vq{y{}ŁQ
y{vqx3}z}{oxuw
)©
vsT
ð~qyvq}|~¥u
x3OQ{}vq{ ym³Ł
QxmQq{
σ(cˆ)
{o}3~¥{RTHT{
ª{Rðvq{Dym³ŁQ
x|
q{
σ(y)
{}3
wx
qq{Q¢8?«{o:{R£~qy|vq{¡y|~sy|vq}wxT
sq{¡}3{q}3|qy|HTq{}uwyuwqq{o}¨y{}^~qy|vq},°5
qy|{o}ª
Ctropo
ª
C6
{o
C12
ªk
|s})vq{¸ym~qyvq}¹°²uwx3{c}{oq}q|yTV
v£yvqk
qo{}y{},~qyvq}¹|T{oq}{o}¢
ïZ ~qyvq}°²uwx3{}3{q}3|qy|q{ðo{x®O
q{}ŁQ
x|
qy|{o}|Łw{ox}o{}~q
xxT
~q~ﬃuwx®
vEë~k
xTQRTx{o}
){Tx3{'~ﬃuwvqx3xT
HJRTx{ðqvq{'
v
qvq{ð)©s°²uwx3ðQ|uw­kQq}y|{o}}~ﬃ{RTx3{}¢zï·©
~q~ﬃuwx®q{'~kHª
xTQRTx{o}}vq~q~sy|{T
|x3{}{}®
yuwx}cqo{o}}TQ|x{ðkëq{y|{oŁ
{x¸y|{o}¡RŁw{vq{yy|{}`
qwvsiºT}c{R
q{qo{x|s{x`y|D}3uwy|vs|uwëym ~qy|vs}`~qx3uwk
qy{
¢t«:uwvsx
Ctropo
ª
C6
{o
CT
{´~k
x3|ovqy|{xªtvsq{
|£°²uwxQTuwJ}®OQ|}®T|vq{}3vqxym'uwvsOìq{y|{Quw}3~qìqox|vq{uwv­}3vqx¡y|'ìk
vs{}®TxQTuw}3~qìqox{
{}®^qo{}}
|x3{
¢
¯
ÝfÜ(ØHåÊä*åóåÊæﬃçﬁÙ(ÛiØr¬^Ø|æﬃôÞíÝªÙ&Ú âä7ØIÝ áõ×æﬃåâÜiïâÞíñ7óÝEæ
d ouwqk
y|{o}¸s{v£­°²uwsoTuwq}cq{}3{q}3|qy|
Kx
{R
Gy
ªty|¯}{oq}q|yT`q{}¸uwyuwqq{o}
)_+
3
|Łw{ox}o{} 
v ~qx3ukyq{³uws{xTQ|uw )_+
3
ª«
xTQoTox}T
'y|´}{oq}q|yT qv }XE}®T{
)uwq}3{x3ŁQQ|uwª)~¥{ovs
ox{{}®To{~k
xcym'QTx3|o{
A
q{q|{q}3|uw
nc × n
¢Zït{}y|vq|q
q{o}
{x{o}'
v0 RO
ðq{}¯yvq|k
s{}x{oymQŁ
{}J¤5}u
vq}3xT
HT{}ðµ´ymëy|wq{q{Jq
}{svéuwx3~q}
wx3|}
¦
ª:y{} wQuwq{q}
Kx
suwŁ
{|o«o
y|{o{ocox{'{Ls~sx|ð{o/y|vq|kQq{o}`x{oymQŁ
{}ðñ:|y}
x{o~qxo}{o{³Qy|uwx3}'ym }{oq}q|yq{} y|vsk
qo{}¯x3{ymSTŁ
{} µymq}3Tx3|qv£T|u
±Łw{ox3T
y{­q{
y uQouwq{
¢
6 :Í6E:8ûô)6^ô3û^ö7;&6,õ®ù£ô¨ö§õ"ú¹ø >V÷¬ùõø
gz÷&6ù£õ"ú¹øVù ÷Vö ôVø^ô@ùs÷ò>V÷i@)j ÷&6Z6^÷~=76
wÙ
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
5
10
15
20
25
30
35
40
45
Al
tit
ud
e 
(km
)
aT (km)
C6
C12
C16
CT
−0.2 0 0.2 0.4 0.6 0.8 1
5
10
15
20
25
30
35
40
45
Al
tit
ud
e 
(km
)
aT (km)
Ctropo
Su.E¢w

K`4T4lVqP`2WmZﬃ]del:k^`Vl+UCYn T4Z
`Okﬃ^U]CkZgT4duaHTVUGa
FﬀHﬂ !
N
bTVUGTHbmZﬃ[UWkNTVdsZY6Tﬁkm]dekXWÊWWY1WjZﬃ[_a:]Xk
bh`VYi`4ded0]Xk
CT, C6, C12
]NZ
C16
a:]Yn T4Y H`4UXWjZ2*]ﬁ`^[UGT4ZjWj`4ded0]Y
P
VVl+UG]fa"]HTVlb/]TSJ]mZta"]KYiTzb`VY6`Vded0]
ZjUG`X^`Vkg^[NUXW¥Nle]
P
V4l:U]ca"]JaVUG`VW Zﬃ]US4xQ']kzb`Vl+UÍW]k}]d9^`VW dsZjW YYp[XkPU]ﬃ^uU[Xkm]duZﬃ]dsZ­Yp]Xk*`X^[UGT4Zﬃ]l+Uhk}b`VY6`Vded0]k
WIa"[GT4lVq
P
bsn ]kZJUCﬃJaVW UG]\Yp]Xkdu`HTVl4qzWja:[GTVl4q/S4x
ït{o}qu4
vE uw£T{vq}~ﬃuwvqx¡y ©QTuw}3~qìqx3{ð}®O
qq
x Í)b±E
Î
}uwx3{~qx3}3{To}}3vqx`y|G0ª
wvqx{*.E¢w
¢eß1y|}¹ouwxx3{}3~¥uwsq{¨
v£'y|ws{}q{y|`ðSTx{
A
{o,}3uw^qu
To}
aTc
¤²Òwª
nc ¦
ªﬃ,ﬃ%O,
nc
Łw{RT{ovqx}¨¤5~ﬃuwvqxzy{}ouwy|uwsq{}~kQx3T{yy|{}:uwvTuQO
y{}
¦
q{,q|{q}3|uw
n×1
¢ït{¹uw~ﬃuwx3{{·w(ª
qx
y<q{}sÛ¥x{oT}«suHw
v£ð{}®}ym
x{¹µ¸{oy|vqﬃq{} w
uws|{s}
Kx
ª£Łw{¨q{}a}|
q{}auw~q~ﬃuw}o}
¤5vqq{¨
vqw{TQTuws{¨ymu
q{oxTQ|uwð|~qy|Evs{¹vqq{¨s||vsTuwq{¨y|¡yvqk
qo{,}uwx®O
T{
ð
}vqq{¸
vsw{oOQ|uw'q{o},uwyuwqq{o}
¦
¢«§uwvqx¹Tu
vsT{o}^y{}¹ouwy|uwsq{},|Ł
{x}3{o}ª<ym}{oq}q|y¨ym
~qy|vq}~ﬃuwx3T
T{{o}3ST{o|T{k
s}¡y|xuw~ﬃuw}~sìqx3{y|qx3{{R`s||vq{k
s}¡y| ouwvqOìq{y||{
QTuw}~sìqx3|vq{
¢<ïZ°5
|sy|{V}3{q}3|qy|c
v£ ~sx{|ox{o}^ouwvqOìq{o}V
vsxTvqD~q
o,)©
vsT
^~qy|vq}
|~¥uwx®O
«Evs{¸y|`u
y|uwqs{c
yvqy{c{}®¹°5
|sy|{¤²uwvEvs{¸y|`y|HT{^}vq~ﬃx3|{ovqx{)|TowxTST|u
¯{}®
k
}}3{
¦
¢0«§uwvqx«y{}¬uwyuwqq{o}a~q
x3|{yy|{o}ªwvqs{¨|s{x®THTvqq{^x{oymQŁ
{{·°²uwx3{~ﬃ{vs
vq}3}ﬃ~qxuŁw{oq|x
q{¨y|¸ouwTxqvs|uw)»QyTHTvqs{}¬}vq~ﬃx3|{vsx{}
vð}3uw{oaq{ym¡ouwy|u
qq{^
yvqy{
¢s«§uwvqx
CT
ªEvq
~q|,}{ouwsk
|x3{¨{o}3u
sT{oEv¯
vsTu
vqxas{`H.Hªî
½ÊØ »
yHTHTvqq{Qª{oaym}{s}|s|y|HT,x{o}3{¨|~ﬃuwx3T
T{
µTxŁw{x3}¨Tu
vsT{¸ym}3xTQuw}~qìsx{'¤,3vq}3Ev»µÙ.HªÑ½¢Ø
¦
ª<uy|{o}ouwqo{TxQTuwq}¨,+
3
}3uwV}vuBª
}T
{o¡~ﬃuwx®O
T{o}c~¥u
vqxuw~¥{oq}{ox¡y| }3{q}3|qy|HTx3{ymSTŁ
{{°5
|sy|{q{y |q}®Tx3vq{o¢
ï§}{oq}q|yc~qy|vq},°5
qy|{µymìk
v£T{`}®TxQTuw}3~qìqox{¸~¥uwvsxxT{o~¥{oqk
cŁ
uw|x,vqD|~k
o,~ﬃuwvqx
{o3T{cŁQ
x|
qy{
¢
ï©
k
y-E}{¬q{ay|^}3{q}3|qy|HTqv}hE}3To{a)uwq}{ox3ŁQQ|uw¸{}®zquwsaqq|}3~¥{oq}TQqy|{aµ^vsq{«ﬃuwqq{
uw~qxoìq{s}|u
ðq{o}vk
THT}a|Łw{ox}3{}o¢dy|y{53u
vq{vs¯x/.wy{oxvqom
y<kQq}«y|ŁQ
y|kQ|uw{Ry {Reª
~qy|uwHOQ|uw's{}¨suwqqo{}VŁ
{x3}{o}ñ<{y|y{¡suwﬁox{¡uwqvq{kJs{`~ﬃ{x{o3Tx3{¡y|u
~kQxT
}uw
q|x3{o{¡s{}^|Łw{ox}uwq}¨Ł
{¡)»QvsTx3{}¨u
q}{ox3ŁQQTuwq}^uwvDŁ
{s{}¨}3uwx3|{o}^s{`u£qoy|{o}z2,²KI³4#s%|K´
)
B³Dﬂ_SBkB82#þtî
½w½Ù:/ ¢b£Zy|{qu4
v
A
{o}3uwx3x{RT{o{ooŁQ
yvq
ªkyt~¥{ox{o^{D{7Û¥{oq{¸}©&Ûx
uª
Oìq|xq{}c{oxx{ovqx}¨}XE}3QTEvs{}c|xuEqvq{}~k
xVy|oTìsu£q{¡)|Łw{ox}uw)ª){o³~k
x®T|ovqy|{x,~k
x
y |s°²uwx3ðST|u
D)~}2¥v£T|y|}3{}2iN"!ffB)
B³BJ)NŁm${%|#þtî
½w½Ù®o®&´m%Í´z)
B³_<4%|K´(L5)Eþ)î
½w½Ù:/ ¢
A
{}®ðo{~ﬃ{qkQ°²uwx®T{{qo~¥{oqk
¯s{ y|³}vkQ|uw/u
q}qx3{
ª·{Rðqu
quwsRTx{
}~ﬃak¨~ﬃuwvqxaOìk
vq{cuws}{x®ŁQQTuw)¢f` »QvsTx3{V~k
x®}u
¯oŁQ
yvkQTuwx{vq{x®¹q{}«}|`vqymQ|uws}¬sv
uEqy{q|x3{o'¤5~ﬃuwvqx¡y|{ð
y|ovqy·q{
Kx ¦
{osuwq¯vqs{¯uwsk
|}3}T
s{¯{LqQoT{ðq{¯y oTQ¡x{oy«q{
y ©QTuw}~sìqx3{¯¤²q{
x
{o~k
x®T|ovqy|{x
¦
¢«:u
vqxV{o}VxTQ|}u
q}ª
A
quwHfRTx{`oŁQ
y|vs¡}3vqxVvq³{oq}{oqy|{
q{ 
} x{~sx}3{OST°²}DuwsEvs}¢*Íq{ëRTìquEq{ëq{ëymQ}}akST|u
X~ﬃ{v£FRTx{ vsTy|}{­2k q{
wÑ
û54ô+ü·õö76^÷76 :õø
gz÷&6ù£õ"ú¹ø >V÷ò@)jªú,8`ú¹ø¨÷
}oy|{ooTuwqq{ox·y|{}¬Q}«q{^xR°²x{oq{QªqŁw{o¨y{}¬~qxuqy|}Łw{ox3T
vE
x
{oay|{o}aqu4w
v£ðuwx3x{}3~¥u
qk
T}oª
y|
}}3cko}c}{oy|uw³y{}cu
qq|uws}V~qìE}|vq{o}¡{RÓQu
vë
uwwx
~qìqvq{}o¢tït{
}q{x3o°²x3{qo{y{~qyvq}
~qx3u£Oìq{~¥{ovs¹{oq}vqHT{<RTx3{c
}}3u£o|¨µ`Oìk
vq{cŁ
{x3}|u
)¢sïZ`oìquEq{¨vs|y|}o{{o}3¹{L£~¥uw}3{Vq
q}
ym~q
x3|{*.£¢ Î ¢
uwvs}`qu
{x3uwq}vq{¯y{ð5{GE~ﬃ{¯)ovqq{¯~ﬃ{vscoTx3{ð{qð~¥uwvsx¡yº©Ł
{x3}|u
 q{}`y|vq-ª
k
s{}oª<Łw{¸ymy|q
x}TQ|uw}vqHŁ
Q{ñ
rˆ = ra + A(x− xa) + Gyεy
¤.E¢Aî
½
¦
Łw{o
A = Gy Kx =
∂rˆ
∂x
¤.E¢Aî£
¦
{o
Gy =
∂rˆ
∂y
¤.E¢Aîwî
¦
ït{,
}¬|q
yk{}®Qy|uwx3})»Ł
uw|x·vqq{^QTx3|{¹s{Q|
Gy
|q{oT¹{o
A = Kx(r)
¤5uEqy|}TST|u

qv'Tx
q}®°²{x3,x
q|QTH°ty|q
x3|}3
¦
¢£ïZ­kwvqx3{*.£¢HMî`x{o~qxo}{{¡y{Vqu4
v q{cy|xT
q|
qo{
rˆ(2)
ªsvq
−3.5 −3 −2.5 −2 −1.5 −1 −0.5 0
5
10
15
20
25
30
35
40
45
Al
tit
ud
e 
(km
)
aT (× 10−20 W/(cm2.cm−1.sr)/cm−3)
S.£¢HMî

K`HTVl`2WmZﬃ]delJ^`Vl+UPYn T4Z
`Okﬃ^U]
kZgTVd0aHTVUGa
 ﬀHﬂ I!
N
bTVUGTHbmZﬃ[UW-kmTVdsZY6Tckm]NdkXWÊWW Y~WjZﬃ[
a"]
Y6T
UGTHaVWITVdubh]
rˆ(2)
a"]ﬁYn T4Y H`4UXWjZ2*]ﬁ`^[UGT4ZjWj`4ded0]Ypx
u
xx{o}~ﬃuwq µ'vqq{°²uwx3{}wkQvqx{q{yº©uQouwq{{R¡~ﬃ{v£¡suwqBox{uw~k
x3q|x3{RT{{¡
v£
 w
ouwq|{oq}
K

y|ovqy|o}¹
v'OìkQ~qx{c~qx3oq{`¤5~q
x3|{cÑq¢Hwªkwvqx3{ÊÑq¢Aî
¦
¢£ï§°²uwx3{q{}¹~sxuky}¹µ
k
}3}{cQyTHTvqs{¨{}®¹}ym
x{Qª
|s}ﬃEvs{cy uwxqx3{¨q{¨wxT
sq{vqxo¢{?«{RT{¨¥uwsq{V}{oq}q|y¤²~qxuEOìq{
qvë
}¡|q
yu
A = Kx(r) ¦
{}®`ouwìqox{{¯Łw{oðy|{o}¡ﬃuwqs{}¸~¥{ox3°²uwx3ð
s{}¸uws{vq{o}`~ﬃuwvqx
y |Ł
{x}3|uw¢
[
¼
[
¼Uù ﬁÕÔÎõËÍÌÏÎÐÑÂ&Ã¨VÕQÒÁÇ)Õþý|ÉÊÂ$ýAü&ÌÏÎõÅÄ£rÐÑÕ
¯
Ý á\ðâFá2Þí×Ü(ïÝ?ØæH×æ\åØæ\åﬃ°ÔÛ(Ý<Ù(Û
ë'

k±q{D{qxouw~£T{Js{}ð
~k
o}ð}®OQ|}®T|vq{o}ðqv±Z {oðq{ym­quwsª1y|qQx'q{Jy|
°²uwqRTuw¯q{VxT
q}®°²{x®,uEqy|}3{
ªEvqq{¸
~s~qxuEOìq{c}3TQT}3|vq{coc{~qy|u4
{c~ﬃuwvqx{o}3T{oxy|{o}
~ﬃ{x3°²u
x
q{o}·q{yº»Qy|wuwx3ìq{Q¢
ït{ﬁ0X{o}3a
y|qx3,
vouwvqx3}aq{^ymc~qìq
}{)»Q~q~qx{oT|}3}T

{
¢Eït{}
{x3x{ovqx},
}3}uE{}^
v'}hE}3To{)uwq}3{x®Ł
ST|u
 }3uw,quwqVxo}^s~ﬃ{qkQ{}^q{cym¡Evq
y|HTVq{cy|
6 :Í6E:8ûô)6^ô3û^ö7;&6,õ®ù£ô¨ö§õ"ú¹ø >V÷¬ùõø
gz÷&6ù£õ"ú¹øVù ÷Vö ôVø^ô@ùs÷ò>V÷i@)j ÷&6Z6^÷~=76
wH.
0 10 20 30 40 50 60
0
10
20
30
40
50
60
In
ve
rs
io
n
C6 : biais=7.0571 % (0.012106 DU); σ =27.4978 % (2.9801 DU)
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C12 : biais=2.2391 % (0.042234 DU); σ =14.6859 % (3.7314 DU)
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C16 : biais=0.87351 % (0.090506 DU); σ =8.8575 % (3.864 DU)
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CT : biais=0.1814 % (0.45794 DU); σ =1.5114 % (4.9205 DU)
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Ctropo : biais=4.5426 % (0.27032 DU); σ =19.8562 % (4.3861 DU)
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Comparaison IMG − TOMS/ADEOS  −−  26−28/12/1996
N = 388 points
Biais = 10.1474 DU (3.9035 %)
rms = 22.751 DU (7.9688 %)
r = 0.8834
Y = X
Y = 0.8066X + 66.5253
200 250 300 350 400 450 500
200
250
300
350
400
450
500
Colonne totale O3 TOMS (DU)
Co
lo
nn
e 
to
ta
le
  O
3 
IM
G
 (D
U)
Comparaison IMG − TOMS/ADEOS  −−  25−28/01/1997
N = 702 points
Biais = 14.8006 DU (5.358 %)
rms = 25.0712 DU (8.8871 %)
r = 0.90321
Y = X
Y = 0.96577X + 24.6166
200 250 300 350 400 450 500
200
250
300
350
400
450
500
Colonne totale O3 TOMS (DU)
Co
lo
nn
e 
to
ta
le
  O
3 
IM
G
 (D
U)
Comparaison IMG − TOMS/ADEOS  −−  1−10/04/1997
N = 1344 points
Biais = 11.8339 DU (3.9869 %)
rms = 23.106 DU (7.7261 %)
r = 0.91415
Y = X
Y = 1.0217X + 5.3445
200 250 300 350 400 450 500
200
250
300
350
400
450
500
Colonne totale O3 TOMS (DU)
Co
lo
nn
e 
to
ta
le
  O
3 
IM
G
 (D
U)
Comparaison IMG − TOMS/ADEOS  −−  16−19/06/1997
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Comparaison IMG − TOMS/ADEOS  −−  4 périodes
N = 2817 points
Biais = 13.2814 DU (4.6958 %)
rms = 26.0575 DU (9.0834 %)
r = 0.88374
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